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GENERAL INTRODUCTION 
Transposable elements were first discovered in Zea mavs by Barbara 
McClintock nearly forty years ago (McClintock, 1947, 1948). Most maize 
transposable elements are.subdivided into two forms: i) autonomous 
elements, which are capable of transposition by themselves, and ii) 
nonautonomous elements, which can only be transposed when an autonomous 
element is also present. The autonomous element of each family is a 
structurally conserved element (Banks et al., 1985; Behrens et al., 1984; 
Fedoroff et al., 1984; Fedoroff et al., 1983; Masson et al., 1987; Pereira 
et al., 1985). The nonautonomous elements of a family comprise a 
structurally heterogeneous group of elements. Some of nonautonomous 
elements are derived from the autonomous element by internal deletion. 
Others are virtually unrelated in structure to the autonomous element, 
except for their termini (Banks et al., 1985; Dooner et al., 1985; Doring 
et al., 1984; Doring and Starlinger, 1986; Fedoroff et al., 1983; 
Merckelbach et al., 1986; Sutton et al., 1984). 
Three maize transposable element families have been well studied 
genetically. These are the Activator-Dissociation (Modulator). Suporessor-
mutator (Enhancer-Inhibitor). and Mutator element families. This 
introduction is concentrated on the M-Qi family. Other families are 
reviewed else where (Doring and Starlinger, 1986). 
The Activator-Dissociation (Ac-Ds) element family was initially 
identified by McClintock (1947). In earlier studies, Emerson described 
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unstable mutations in a locus (1914, 1917, 1929). Subsequently, Brink and 
his students designated the element Modulator (%), but the Mg element was 
shown to be genetically interchangeable with the Ac element (Brink and 
Nilan, 1952; Barclay and Brink, 1954). 
A Ds element was first identified as a specific site of chromosome 
breakage or dissociation. Later, a Ds element was found to transpose to 
the Ç locus where a new mutation occurred (McClintock, 1948, 1949, 1951a). 
This mutation was stable in the absence of an Ac element, but reverted when 
an Ac was present. Germinal revertants of the ç gene mutation no longer 
showed chromosome breakage at the locus, thus revealing that the reversion 
of the mutation resulted from excision of the Ds element. An Ac element 
was also found to cause insertion mutations (McClintock, 1951a, 1951b, 
1956). An Ac insertion could spontaneously excise, while a Ds insertion 
could excise only in the presence of an element. McClintock suggested 
that some Ds elements might be mutants of ^  elements since ^  mutation 
could change directly into a Ds mutation (McClintock, 1955, 1962, 1965). 
In addition, some Ad elements could undergo reversible inactivation 
(McClintock, 1965). When inactive, the Ac element behaved genetically as a 
Ds element, but differed from a true Ds element by its ability to return to 
an active form. 
Several Ac elements have been isolated from different loci of maize, and 
shown to be similar structurally (Fedoroff et al., 1983; Pohlman et al., 
1984; Behrens et al., 1984). The Ac element is 4.6 kb in length and has 
11-base-pair imperfect inverted terminal repetitions (IRs). A long Ac-
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specific transcription unit (Kunze et al., 1987) extends over most of the 
element's length and encodes a 3.5-kb mRNA which comprises 5 exons and 
encodes a 2,421-nucleotide open reading frame (ORF). Several sites of 
transcription initiation have been identified between bp 302 and bp 357 
from the 5'end of the element (Kunze et al., 1987). Ds elements vary in 
structure. Some Ds elements are derived from Ac elements by internal 
deletions (Ds9, Ds2dl, Ds2d2 and Ds6), and some are unrelated to Ac 
elements, except for the IRs (Dsl and Ds2 families; for ref. Coring and 
Starlinger, 1986). 
Transposition of Ac elements is non-replicative, and occurs either 
during or after chromosome replication (Greenblatt and Brink, 1962; 
Fedoroff et al., 1983; Fincham and Sastry, 1974). Ac transposition 
involves only one of two replicated daughter chromatids. One of chromatids 
holds the element at the donor site and the other chromatid does not. Ac 
elements commonly insert in an unreplicated recipient site, but also in 
post- replicated recipient sites. More than 60% of recipient sites are on 
the same chromosome as the donor site, and about 40% of these are within 4 
map units of the donor site (Greenblatt, 1984). Newly transposed elements 
are located in undermethylated regions of the genome (Chen et al., 1987). 
It is evident that the Ac-encoded gene product is involved in excision 
and transposition. Deletions within the transcription unit give rise to 
transposition-defective phenotypes (Banks et al., 1985; Fedoroff et al., 
1983; Dooner et al., 1986). Ac elements promote their own transposition, 
as well as that of Ds elements, when introduced into tobacco cells on an 
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Agrobacterium Ti plastnid (Baker et al., 1986; 1987). 
Sequences other than IRs are necessary for transposition. This 
conclusion came from an experiment by in vitro mutagenesis of sequences 
involved in transposition in tobacco cells. Internal deletion of the 
sequence between bp 44 and bp 92 from 5' end of the element causes the 
element defective for transposition when either Ac is present or absent, 
and a deletion between bp 75 and bp 181 is reduced for transposition even 
if an Ac is present in trans (Coupland et al., 1988). 
In maize, transposition is developmentally delayed when Ac copy number 
increases per genome (McClintock, 1948; Brink and Milan, 1952), but it does 
not appear to be true in tobacco (Jones et al., 1989). Developmental 
control mechanisms of Ac transposition are not yet understood at the 
molecular level. Reversible DMA modifications may, however, contribute to 
the timing of the element expression and reversible inactivation of the 
element during development (Chomet et al., 1987; Schwartz and Dennis, 1986; 
Schwartz, 1988). In addition, Ac may encode a negative regulator of 
transposition. This hypothesis comes from the observation that Ac elements 
are not regulated at the transcriptional level or translation level because 
there is an inverse relationship between the timing of somatic excision and 
the abundance of the element-encoded transcript, or the element-encoded 
product (Kunze et al., 1987). 
Ac or IDs insertion usually causes null phenotypes of the inserted gene. 
In a few exceptions, the element gives a phenotype intermediate between the 
wild-type and null phenotypes. These intermediate phenotypes suggest that 
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the element could be spliced-out of a resident gene-encoded transcript 
(McClintock, 1963; Wessler et al., 1987; Peacock et al., 1984). There are 
three different splice donor sites identified at the element's 3' end. 
Different splicing patterns can, therefore, occur in a population of 
transcripts, some of which may restore the correct reading frame to mRNAs 
encoded by the resident gene (Wessler et al., 1987). In addition, ^  
elements leave various footprints of the target sequence duplication 
generated on insertion (Pohlman et al., 1984; Sachs et al., 1983; Week et 
al., 1984). Such duplicated sequences can alter a resident gene structure 
after excision of an element inserted within the gene (Schwartz and Echt, 
1982; Schwartz, 1985). Consequently, imprecise excision events can give 
rise to stable alleles containing different empty donor sites. This 
property of Ac elements is proposed to play an important role in evolution 
(McClintock, 1951a; 1978; Courage-Tebbe et al., 1983). 
Transposon tagging of maize genes has been shown to be one of powerful 
means for isolating genes whose gene products are unknown. The first gene 
isolated using a transposable element was the ^  locus in maize (Fedoroff 
et al., 1984). Much progress has been made in recent years on isolation of 
tagged genes (Martin et al., 1985; O'Reilly et al., 1985; Cone et al., 
1986; Schmidt et al., 1987; Hake et al., 1989). Moreover, transposable 
elements have been used as a tool to study sequence of cell division in 
maize (McClintock, 1978) since somatic variegation of mutations caused by 
the element exhibits clones of revertant cells on a mutant background. 
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One of the most powerful means of studying difficult biological problems 
is to transform and observe directly the trait in a new organism when the 
trait is isolated from its host background. This technique has been 
applied to the study of novel biological problems in E. coli. as well as in 
study of plant development. In the half decade that plant molecular 
biologists have been able to transform and produce stable transgenic plants 
from certain species, a wide variety of chimeric genes have been studied 
using this approach (for recent reviews: Schell, 1987; Kuhlemeier et al., 
1987; Willmitzer, 1988). 
Introduction of maize transposable elements into unrelated plant species 
becomes attractive (Baker et al., 1986; Van Sluys et al., 1987; Yoder et 
al., 1988). There is not homologous endogenous elements, hence it is much 
easier to trace their behavior. Also, in vitro studies will give a great 
opportunity for understanding the elements and their movement (Coupland et 
al., 1988). In addition, transposable elements can be used as valuable 
tools for isolating genes encoding unknown gene products, and for the study 
of cell lineage during plant development (McClintock, 1978). 
To study transposable elements, a phenotypic assay for transposition has 
been shown to be useful. Neomycin phosphatase transferase gene (NPT II), 
Streptomycin resistance gene (SPT), and 6-glucuronidase gene (GUS) have 
been used to monitor transposition of the elements in transgenic plants. 
It is reasoned that insertion of a transposable element into the 
untranslated leader region of the gene inactivates its expression, but 
restores its expression after excision of the element. The NPT II gene was 
7 
used to monitor transposition of M elements in tobacco, in which only 
revertants of excision were selected by their kanamycin resistance (Baker 
et al., 1987). This approach is limited for characterization of the 
element in vivo. The SPT gene was used to study germinal excision 
efficiency and copy number effects on transposition in tobacco seedlings by 
visually detecting green sectors that comprise cells containing 
Streptomycin resistance where Ac excised (Jones et al., 1989). Since the 
phenotype of streptomycin resistance is limited to plastid-producing cells, 
which are sensitive to streptomycin, this assay can not be applied to 
monitor transposition within a whole plant. Both histochemical 
localization and fluorometric assay of GUS gene product, however, are easy 
and sensitive (Jefferson, 1987; Jefferson et al., 1987). Using the GUS 
gene as a reporter gene allows monitoring of transposition of Ac elements 
at either the biochemical or histochemical level during plant development. 
In summary, this introduction has discussed the following points: i) 
Although the Ac element has been well studied in maize with respect to its 
ability to move, affect gene expression, and cause chromosome 
rearrangements, the molecular mechanism of transposition as well as the 
regulation of the elements during development remains to be understood; 
ii) we have witnessed a new method for the understanding of ^  element 
movement by introducing them into transgenic plant systems allowing 
extension of the study of the maize transposable element by in vitro 
mutagenesis of the cloned elements; and finally, iii) we can use 
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transposable element as a gene tag in transgenic plants, as well as a tool 
to study cell lineage during development. 
Explanation of thesis/dissertation format 
In the research for my doctoral dissertation, I have chosen tobacco as a 
model plant in which to study the maize Aç-fîs transposon family because of 
its amenability to Aorobacterium-mediated transformation techniques, the 
absence of Ac-homologous sequences in its genome and the availability of a 
well developed suspension cell line (An, 1985). In addition, I have chosen 
soybean as the host plant to ensure the capability of transposition of Ac 
element because of following reasons: i) the development of a 
transformation and a transposon mutagenesis system in soybean would aid in 
the introduction of new traits of economic interest, or isolation of 
unknown genes; (ii) at present no well-characterized endogenous transposon 
is available in soybean; iii) the soybean endogenous insertion elements 
(the Tgm family) are structurally similar to transposable elements, but 
have not been shown to be functionally mobile (Vodkin et al., 1983; Rhodes 
and Vodkin, 1985); The research presented here involves both classical and 
molecular analysis of transposition of Aç-fîâ elements in transgenic plants. 
A series of plasmids have been constructed, including Aorobacterium Ti 
plasmids, which contain Ac : : GUS gene fusions, artificially defective Ac 
elements, and test plasmids for DNA replication in yeast. Using these 
plasmids, it has been able to address basic problems of the transposition 
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of Ac elements, and the eventual applications of M in transposon-tagging, 
as well as in the study of plant development. 
This research has been presented in different sections for clarity and 
convenience for publication. Section I presents construction of test Ti 
plasmids for phenotypic assay of transposition of Ac-Ds elements in 
transgenic plants. In this section, tobacco was used as a host to examine 
function of the test Ti plasmids, to study cell lineage during seedling 
development. Dr. H. T. Horner, as a second author, conducted the 
microscopy work. This section contributes to the application of Ac 
elements in the study of plant development. 
Section II presents data to show that the Ac element is capable of 
transposition in the soybean genome. This section contains three major 
areas: i) Aarobacterium-mediated transformation, ii) histochemical 
localization of transposition of the Ac elements, and iii) Southern 
hybridization analysis of transposition events. This work demonstrates 
that the Ac element is mobile in soybean tissue. 
Finally, Section III presents a characterization of the artificially 
defective Ac elements after in vitro modification of the element. I report 
that: i) both 5'and 3' ends of Ac element contain procaryotic promoter 
activity, ii) sequences at 3'end of the element have a functional origin of 
DNA replication (ARS function) when introduced into yeast, and iii) ^  A 
protein binding sites observed at 3' end of element may function in 
terminating of long transcript of Ac element. Furthermore, this research 
shows that promoter activity at both ends of the element may correlate with 
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transposition, and dnaA protein binding sites, as well as ARS sequences may 
correlate with regulation of transposition frequency. This section 
contains three major areas: plasmid construction, yeast transformation and 
in vitro mutagenesis of DNA sequences. Dr. Alan Myers, as a second author 
of this paper, conducted the yeast transformation work. 
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SECTION I 
ANALYSIS OF CELL LINEAGES IN,TRANSGENIC TOBACCO SEEDLINGS USING 
THE MAIZE ACTIVATOR (AC) ELEMENT 
12 
ANALYSIS OF CELL LINEAGES IN TRANSGENIC TOBACCO SEEDLINGS 
USING THE MAIZE ACTIVATOR (AC) ELEMENT 
Running title: Cell lineages in transgenic tobacco seedlings 
Authors: James H. Zhou®''^, Harry T. Horner^ and Alan G. Atherly* 
^Department of Genetics, 
''Department of Botany, Iowa State University, Ames, lA 50011, USA 
"^Present address: Department of Biology, Yale University, PO Box 6666, New 
Haven, CT 06511, USA 
Journal Paper no. J-13626 of the Iowa Agriculture and Home Economics 
Experiment Station, Ames, lA. Project no. 2891 
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ABSTRACT 
Aqrobacterium Ti plasmids have been constructed that contain an 
Activator (Ac) transposable element within the untranslated leader region 
of a bacterial 6-glucuronidase (GUS) gene driven by a cauliflower mosaic 
virus 35S promoter. The insertion inactivates the GUS gene, but GUS gene 
activity is restored after the element excises. In these constructs, GUS 
gene expression allows easy and sensitive detection of excision events of 
the maize Ac element in situ in transgenic tobacco tissues. Cell lineages 
in seedlings from Ac-containing plants can be studied using a histochemical 
assay for GUS after an excision event. This system will provide a useful 
method for cell lineage analysis during plant development, transposition 
mechanisms, as well as for developing a transposon-tagging system in 
transgenic plants. 
Key words: Ac-Cell Lineaae-Nicotiana (Seedlings)-Transformation 
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INTRODUCTION 
For a number of reasons, the study of transposable elements transformed 
into unrelated plant species is attractive (Baker et al., 1986; Van Sluys 
et al., 1987; Knapp et al., 1988; Yoder et al., 1988; Zhou and Atherly, 
1990). First, endogenous elements usually exist in high copy number 
(Geiser et al., 1982; Upadhyaya et al., 1985), hence it is difficult to 
trace their behavior. Second, use of reverse genetics to study the 
biological effects of jn vitro modifications of cloned elements gives a 
great opportunity for understanding the elements and their movement 
(Coupland et al., 1988). Third, transposable elements are valuable tools 
for isolating genes encoding unknown gene products (Fedoroff et al., 1984), 
and for studying the sequence of cell division during plant development 
(McClintock, 1978). 
To study transposable elements in transgenic plants, various phenotypic 
assays for transposition have been shown to be useful. Neomycin 
phosphatase transferase gene (NPT II), Streptomycin resistance gene (SPT), 
and B-glucuronidase gene (GUS). It is reasoned that insertion of a 
transposable element into the untranslated leader region of the gene 
inactivates its expression, but restores its expression after excision of 
the element (Baker et al., 1987). The NPT II gene was used to monitor 
transposition of Ac elements in tobacco, in which only revertants of 
excision were selected by their kanamycin resistance (Baker et al., 1987). 
This approach is limited for characterization of the element in vivo. The 
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SPT gene was used to study excision efficiency and copy numbe»; effects on 
transposition in tobacco seedlings grown in streptomycin by visually 
detecting green sectors that comprise cells containing Streptomycin 
resistance, in which Ac excised (Jones et al., 1989). Since the phenotype 
of Streptomycin resistance is only limited to plastid-producing cells which 
are sensitive to Streptomycin, this assay could not be applied to monitor 
transposition within a whole plant. Both histochemical localization and 
fluorometric assay of GUS gene product, however, are easy and sensitive 
(Jefferson, 1987). Using the GUS gene as a reporter gene allows monitoring 
of transposition of M elements (Finnegan et al., 1989; Zhou and Atherly, 
1990) and Sfim elements (Masson and Fedoroff, 1989) at either the 
biochemical or histochemical level during plant development. 
Genetic mosaics have been used to analyze cell lineages in plants (see a 
review by Poethig, 1989). The distribution of cell lineages in genetic 
mosaics must, however, be studied histologically and is not always easy to 
discern. We demonstrate here a visible trait for the study of cell 
lineages in transgenic tobacco seedlings using the Ac::GUS system that will 
make cell lineage analysis simpler and much more sensitive. 
MATERIALS AND METHODS 
Bacterial strains and plasmids 
From a clone carrying a 7.8-kb maize DNA fragment containing the Ac 
element of the p-vv allele (Chen et al., 1987), a 5.1-kb Pstl/Ncol fragment 
was isolated, which contained the entire Ac element, and the cleavage 
sites were converted into BglII site using BqlII linkers. Thus, the BalII 
fragment contains ^  and about 600 bp flanking sequences from the p-vv 
allele. This fragment was inserted, in both orientations, into the BamHI 
site of pBI121 (Clontech) to generate pZAcl (Fig. IB) or pZAclR (not 
shown). Plasmid pZA3 was constructed by replacing the HindiII-EcoRI 
fragment aside the NPT II gene of plasmid pGA482 (An, 1986) with a 3-kb 
Hindlll-EcoRI fragment containing the GUS gene, excised from the pBI221 
(Clontech). A defective Ac element was constructed by replacing the BamHI-
HincII internal fragment of ^  with a M13-based plasmid, pTZ18R (Mead et 
al., 1986). This replacement was accomplished by subcloning both a BamHI 
fragment containing 5'-end and a Xhol fragment containing 3'-end of the Ac 
element of p-vv. respectively, into plasmid pTZ18R. The P-VV sequences 
flanking the Ar element were subsequently reduced into 200 bp and 20 bp on 
the 5' and 3' sides of the element, respectively, since S&hl site at 5', 
and Xhol at 3' flanking sequence were used in this subcloning. The Xbal-
linearized defective Ac element was inserted into the Xbal site of the 
plasmid pZA3 to produce plasmid pZABO (Fig. IC), which has been shown to be 
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capable of excision in tobacco cells when Ac is present jn trans (Zhou and 
Atherly, in preparation). 
The Ti binary plasmids constructed were transferred into A. tumefaciens 
strains A281 containing a second plasmid pTiBo542 (An, 1985). 
Hybridization probes 
Two DNA fragments were used to probe genomic DNA from transformed 
tobacco tissue. These were the HindiII fragment comprising the 1,6-kb 
internal sequence of ^  element, and a 2-kb Xbal/SstI fragment of the GUS 
coding sequence, excised from the plasmid pBI221 (Clontech). 
Transformation 
Leaf fragments from axenically grown Nicotiana tabacum Xanthi (4X=2N+2M) 
were infected with Agrobacterium strains carrying the plasmids, then 
transferred to a "shooting" medium containing carbenicillin at 500 *g/ml, 
cefotaxime at 100 pg/ml, and kanamycin at 250 pg/ml immediately after 
transformation. The regenerating shoots were transferred to "rooting" 
medium containing the same drugs and then transferred to the greenhouse as 
described by Horsch et al. (1985). 
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GUS assay 
For histochemical staining, transformed calli, whole plantlets, and 
pieces of the transgenic plants and seedlings, were either fixed in 100 mM 
NagHPO^ and ImM EDTA solution on ice for 30 minutes with vacuum 
infiltration (Keller et al., 1989), or not fixed. They were treated with 
5-bromo-4-chloro-3-indolyl S-D-glucuronic acid (X-gluc; Research Organics 
Inc.) overnight, at 37 °C (Jefferson, 1987), then treated with 70% alcohol 
for hours or days, and the blue sectors or cells were scored. The stained 
seedlings were dehydrated through a graded series of ethanol and either 
embedded in Spurr's Resin (for root; Spurr, 1969) or Paraffin (for leaf), 
then sectioned and photographed using a Leitz Orthoplan microscope. 
For fluorometric assays, extracts were made from sterile leaves of 10-
leaf-old Rg plants and 15-day-old seedlings grown on 100 mg/1 kanamycin 
containing Murashige and Skoog (MS, GIBCO Laboratories) salt agar media, 
essentially as described (Jefferson et al., 1987). One hundred m1 extracts 
were incubated with 100 /tl of 1 mM 4-methyl umbelliferyl glucuronide (MUG) 
solution for 30 minute, after which 1.8 ml of 0.2M sodium carbonate were 
added. Fluorescence was measured with a SPEX fluorometer with excitation 
at 365 nm, emission at 455 nm. Fluorescence of a solution of 100 nM 4-
methyl umbelliferone (MU) in 0.2 M sodium carbonate was used for 
calibration. The protein content of each extract was measured using the 
Bio-Rad Protein Assay kit, as described (Bio-Rad Laboratories, California, 
USA). 
Analysis of genomic DNA 
19 
Genomic DNA was prepared from leaves of tobacco plants as described 
(Dellaporta et al., 1983) and digested under conditions specified by the 
enzyme suppliers (Boehringer-Mannheim, Bethesda Research Laboratories, New 
England Biolabs) by using 5 units of enzyme/#g of plant DNA. The complete 
DNA digests (5-7 *g/lane) were fractionated on 1% agarose gels, transferred 
to MSI nylon membrane (Micron Separations INC.), and hybridized with Ac or 
GUS DNA labelled with by using a random primer labelling kit and ^^P-
dCTP, as specified by the supplier (Boehringer-Mannheim). 
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RESULTS 
Introduction of Ac into tobacco 
Tobacco leaf fragments were transformed with the Aqrobacterium binary 
vectors pZA50, pBI121, pZA3 and pZAcl (Zhou and Atherly, 1990; Fig. 1), via 
T-DNA mediated transformation and regenerated into plants. GUS activity 
was measured by fluorometric or histochemical assay. From the data 
presented in Table 1, it can be seen that plants transformed with pZA50 
(with a defective Ac element in the leader region of the GUS gene) give 
very low GUS activity, nearly identical to untransformed plants. On the 
other hand, plants transformed with pBI121 and pZA3 (with no element in the 
leader region) give highest GUS activity. Plants transformed with the 
pZAcl and pZAclR give intermediate GUS activity, representing transposition 
events of the ^  element. Also, plants transformed with pZAcl gave 
formation of GUS-specific blue sectors (Fig. 2A); plants transformed with 
pZASO lack spots or vascular staining (not shown). These data suggest that 
restoration of GUS activity in the plants transformed with pZAcl is due to 
excision of Ac. Sectors of different sizes appeared in the plants 
transformed with pZAcl (Fig. 2A) and were randomly spaced over the plant, 
suggesting that excision of Ac occurred in different tissues during plant 
development. 
Seedlings (Rl) from self-matings of primary transformants (RO) with 
pZAcl were selected for the presence of the T-DNA by growing the seedlings 
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in kanamycin-containing media, and GUS gene activity was measured to detect 
Ac excision events. GUS activity in R1 plants is shown to be relatively 
greater than in RO plants (Table 1), suggesting accumulation of both 
germinal and somatic excision events of the Ac element in seedlings, or 
increase of ^  dosage due to segregation. Various variegated phenotypes of 
seedlings that were histochemically stained with x-gluc were observed; some 
representative individuals are shown in Figure 2. Some seedlings showed 
many small blue spots per cotyledon (Fig. 2B); but other seedlings show 
few, but large stained sectors (Figs. 2C and D). Some seedlings showed 
sectors in leaves (Fig. 2B), some in roots (Fig. 2C), and some in stems 
(not shown), suggesting random excision, of Ac during embryogenesis. In one 
of the seedlings (Fig. 2C), a large stained sector appears in vascular 
tissue extending from hypocotyl to cotyledons, a small stained sector 
appears in the epicotyl, another small stained sector appears in a lateral 
root, suggesting that excision of the element in vascular tissue occurred 
earlier than in the lateral root or in the epicotyl fier se. These data 
suggest that Ac excises sequentially in different tissues during 
embryogenesis. 
Confirmation of Ac excision events 
To confirm transposition and reinsertion of Ac in R1 plants, genomic DNA 
from the primary transformant pZAclR-1, pZAcl-2, pZAcl-3, and their 
kanamycin-resistant self-progeny were digested by a restriction enzyme SstI 
(which cuts in the GUS gene, but not in Ac), and hybridized to a 1.6 kb 
HindiII internal fragment of ^  as shown in Figure 3A. All individuals of 
pZAclR-1 exhibit an identical band of 16 kb (lanes 1 through 3). The 
primary transformant of pZAcl-2 shows one band of 14.5 kb (lane 4), while 
two of the progenies exhibit two new bands of about 16 kb, and 10 kb (lanes 
5 and 7), and the other progeny (lane 6) exhibits other two new bands of 
about 17 kb, and 13 kb. The primary transformant of pZAcl-3 contains one 
band of 22 kb (lane 8), while one progeny exhibits one new band of about 
10.5 kb (lane 9), and the other progeny exhibits another new band of about 
16.5 kb (lane 10). The empty donor site in each of transformants was 
revealed with a probe to the GUS coding sequence, and the results are shown 
in Figure 3B. All the transformants of pZAclR-1 exhibit one identical 
GUS-homologous band of 16 kb as seen with the ^  probe (lanes 1 through 3), 
indicating that no empty donor site (or very weak, if any) was detected in 
these transformants. The transformant pZAcl-2 exhibits one band of 14.5 kb 
homologous to GUS probe (lane 4), while one of the progenies in lane 6 
exhibits a new 10-kb fragment that is 4.5-kb smaller than the parental band 
(14.5 kb). The other two progenies of pZAcl-2 (lanes 5 and 7) also exhibit 
Figure 1. Structure and important restriction sites of plasmids used for 
detection of Ac excision 
(A). A binary plasmid pZA3 containing an intact CaMV 353 
promoter (P35S)/GUS/N0S3' chimeric gene. 
(B). pZAcl containing an Aç element (black box) in 
untranslated leader region of 6US chimeric gene. 
(C). pZA50 containing a defective Aç, in which a BamHI-HincII 
internal fragment of Aç was replaced with pTZlSR (a thin solid 
line between 5' and 3' end of ^ ), in same region of GUS 
chimeric gene. B, Bmn HI; Bg, Bglll; E, EcoRI; H, HindiII; He, 
Hindi; S, SstI; X, M; Xh, Xhol. 
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Table 1. GUS activity in leaves of R„ plants and 15 days R1 seedings 
PI ant pmol MU/mg protein/min. 
(R,)' (Rl)° 
pZA50-l* 0.17 
pZA50-7 0.14 
pZAclR-1 2.0 9.7 
pZAcl-2 • 9.8 26.4 
pZAcl-3 15.7 70.4 
pBI121-l 121.7 153.6 
pZA3-10 289.9 
untransformed 0.13 0.15 
^Number indicating family of individual transformant. 
Second lower and upper leaves of each 10-leaf-old régénérant in sterile 
culture were taken for protein extraction. 
®50 self-pollinated 15-day-old seedlings of each family, grown on 
kanamycin (100 mg/1) containing MS salt media, were taken in this assay. 
Figure 2. Histochemical localization of Ac excision in transgenic tobacco 
seedlings 
All samples were taken from sterile culture. (Key to labelling: 
cortex = C; cotyledon = CT; epicotyle = E; hypocotyle = 
H;lateral root = LR; mesophile = M; phloem = P; phloem 
parenchyma = PP; root hair + RH; vasculature = V; xylene = X.) 
(A). A representative tobacco régénérant containing pZAcl after" 
stained with x-gluc. (B)-(D). R1 seedlings from self-pollinated 
RO plants containing pZAcl-2 showing surface view of localized 
GUS gene expression. In (B) and (C), sample is 7-day-old 
seedling; in (D), sample is 15-day-old seedling grown on MS salt 
medium. (E)-(F). Phase contrast view of cross section of leaf 
(15-day-old) and leaf petiole (25-day-old) of R1 plant 
containing pZAcl, showing GUS activity restricted in phloem and 
phloem parenchyma cells. (G)-(H). Phase contrast view of cross 
section of leaf (25-day-old) and root (15-day-old), from the R1 
plants containing pZA3, showing GUS activity in all the cell 
types. (A), (C), and (D). x 5.4; (B). x 3.6; bars represent 5 
mm. (E), (G),and (H). x 184; (F). x 268; bars represent 100 nm. 

Figure 3. Southern blot analysis of SstI-digested genomic DNA Isolated 
from R1 plants and their RO parents transformed with pZAcl 
Probes used were purified 1.6-kb HindiII fragment containing Ac 
internal sequence (A) or 2-kb Sstl/Xbal fragment containing GUS 
coding sequence (B). Lanes 1, 4, and 8, RO plants containing 
pZAclR-1, pZAcl-2, and pZAcl-3, respectively; lanes 2-3, 5-7, 
and 9-10, R1 plants containing pZAclR-1, pZAcl-2 and pZAcl-3, 
respectively; lane 11, plant pZA3. Plants containing pZA50 were 
analyzed in an independent membrane (not shown). Size in 
kHobase pairs is given for restriction fragments. 
29a 
1  2 3 4 5 6 7  8 9  1 0  1 1  
23.7-
14 -
9.5-
5 — 
% 
A 
29b 
1 2 3 4 56 78 9 10 11 
B 
30 
Thus, we estimate that the 14.5-kb fragment carries a functional GUS::Ac 
allele, and that the 10-kb fragment is derived from the 14.5-kb fragment by 
excision of the Ac element. However, this 10-kb band also hybridized to 
the Ac probe (Fig. 3A, lanes 5 through 7) that is possibly due to an insert 
consisting of two T-DNAs in an inverted repeat close to the right border. 
Such insertions are not uncommon in T-DNA (Jorgensen et al., 1987; Jones et 
al., 1989). All the progeny of transformant pZAcl-3 exhibit one identical 
band of 17.5 kb with the probe to GUS coding sequence only (lanes 9 and 
10), indicating an empty donor site that is derived from the parental 22 kb 
band (lane, 8) by excision of the Ac element. 
Cell lineage analysis 
One particular Ac excision event (Fig. 2D) revealed by a surface view of 
the seedling gave GUS gene expression restricted to three distinct vascular 
strands initiated from the apical meristem. This finding suggested that 
the stained vascular tissue developed from the same cell lineage, and 
represented a single excision event. To localize GUS activity in more 
detail, roots and leaves from several independent GUS-positive seedlings, 
and 4-week-old R1 plants were sectioned. A leaf cross section of the plant 
displayed in Figure 2D, demonstrated that GUS staining is only in phloem 
cells (Fig. 2E), suggesting that Ac excision occurred in a meristematic 
cell which in turn, gave rise to phloem tissue. A cross section of a leaf 
petiole from a 4-week-old R1 plant shows GUS staining restricted to phloem 
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and phloem parenchyma cells (Fig. 2F). We.conclude that phloem and phloem 
parenchyma may be initiated from the same cell lineage, in which localized 
Ac excision occurred. 
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DISCUSSION 
We have demonstrated that excision of an Ac element within transgenic 
tobacco cells can be sensitively detected using a GUS reporter gene. We 
have also demonstrated that M excision events can be used to study cell 
lineage in transgenic tobacco seedlings. Plants transformed with pBI121 or 
pZA3 (with no Ac element in the GUS gene) show distribution of stain in all 
cell types (Figs. 2G and H), while plants with pZAcl (with Ac in the GUS 
leader sequence) show GUS gene activity restricted to particular cell 
lineages, suggesting localized somatic excision of ^  elements during 
embryogenesis. This system is sufficiently sensitive that excision of Ac 
within a single cell can be easily detected (unpublished), and we have 
shown that an individual sector is derived, very likely from a single event 
in which excision of ^  has restored the GUS gene expression. Among the 
progeny of transformed plants, somatic excision events occur randomly, and 
can be utilized for the study of cell lineages. In addition, the 
histochemical assay we describe here has no limit to tissue type, while the 
SPT assay described by Jones et al. (1989) is limited to plastid-producing 
tissues. Thus, this GUS::Ac fusion system can be used to trace different 
cell lineages at any developmental stage. In addition, this G US:fusion 
can be used to study basic problems of transposition, such as the effect of 
copy number on timing of transposition in transgenic plants, as well as the 
effects of in vitro modification of the Ac element. 
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It has been shown that restoration of the GUS gene activity in the Ac-
containing plants is due to excision of the Ac element from the original 
insertion site of the transforming T-DNA. In addition, the presence of the 
new Ac location was found and indicates transposition and reinsertion of 
the Ac elements in the progenies. Self-progeny of pZAcl-2 or pZAcl-3 
segregated as one kanamycin resistant locus, and gave about three of four 
seedlings with variegated phenotypes, suggesting one fully functional 
Ac::GUS allele. These data are consistent to the results from Southern 
analysis. The 14.5-kb fragment (Figs. 3A and B, lane 4), and the 22 kb 
fragment (Figs. 3A and B, lane 8) homologous to both Ac and GUS probe, 
correspond to the functional Ac::GUS allele for pZAcl-2 and pZAcl-3 
transformants, respectively. However, the examined progenitors of pZAcl-3 
transformant lack the 22-kb band of the functional Ac::GUS allele (Figs. 3A 
and B; lanes 9-10), suggesting heterozygosity for kanamycin resistance due 
to meiotic recombination during fertilization. GUS activity was detected 
in both primary and self-progeny of pZAclR-1 transformant (Table 1), but no 
empty donor site, or new location of the Ac element was detected by 
Southern blot analysis (Figs. 3A and B, lanes 1 through 3). Self-progenies 
of pZAclR-1 plant segregated as one locus for kanamycin resistance, and 
gave about one quarter progeny with a light variegated phenotype, possibly 
due to a weak functional Ac::GUS allele (corresponding to the 16-kb band in 
Fig. 3B, lanes 1 through 3). The transposition efficiency in pZAclR-1 
plants seems to be very low, and Southern blot analysis was insufficient to 
detect transposition at a low efficiency. The reason for low frequency of 
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excision in pZAclR-1 plants is not clear, but may be due to a reverse 
orientation of the M element with respect to the GUS gene, or 
alternatively, due to a position effect within the genome. 
Ac can also be used for gene tagging in transgenic plants. Ac is 
capable of transposition in both primary transformed tobacco plants and 
their progeny. Unlike maize, there is no negative dosage effect on timing 
or efficiency of ^  transposition in tobacco (Jones et al., 1989). 
Therefore, it may be useful to modify the element such that the timing or 
efficiency of transposition can be regulated by regulating Ac product at 
developmental stages of interest. For example, a replacement of a CaMV 35S 
promoter with the promoter of the 5# element allows the recombinant Sfim to 
promote excision of a dSom element in a higher efficiency than its own 
promoter in tobacco (Masson and Fedoroff, 1989). In addition, it is much 
easier to trace and clone a tagged gene if a modified defective Ac element 
is used as a gene tag, such as plasmid pZA50 that contains an artificially 
defective Ac where the internal sequence of ^  was replaced with an entire 
M13-based vector. This plasmid will be very useful for cloning and 
sequencing tagged gene. 
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The development of a transposon mutagenesis system in soybean would aid 
in the isolation of unknown genes. The maize controlling element (Ac) has, 
therefore, been introduced into the soybean (Glycine max (L.) Merr.) genome 
by Aqrobacterium-mediated transformation. Ac was inserted into the 
untranslated leader region of the bacterial S-glucuronidase gene (GUS) such 
that the excision of A£ resulted in restoration of the GUS gene activity. 
Excision events of the M element were monitored by detecting blue cells or 
sectors in transgenic soybean tissues. Using the GUS gene assay and with 
hybridization data, we have demonstrated that the Ac element transposes in 
transgenic soybean calli, leaves, stems, and roots. 
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INTRODUCTION 
Transposable elements are of interest because of their potential use in 
transposon tagging for isolating unknown plant genes, A number of genes 
have been identified and isolated from host plants via this powerful 
technique (Fedoroff et al., 1984; O'Reilly et al., 1985; Cone et al., 1986; 
Schmidt et al., 1987; Hake et al., 1989). Two autonomous elements of 
maize, the Activator (Ac) element and the Enhancer (En) element are capable 
of transposition in plant species other than the host plant (Baker et al., 
1985; Van Sluys et al., 1987; Knapp et al., 1988; Yoder et al., 1988; 
Masson and Fedoroff, 1989). In soybeans (Glycine max). the Tgm family of 
insertion elements (Vodkin et al., 1983; Rhodes and Vodkin, 1985) and a 
putative transposable element (Groose et al., 1988) have been identified. 
However, the Tgm family has not been shown to transpose, and the element 
identified by Groose et al. (1988) has not been characterized at the 
molecular level. 
Two groups have recently developed techniques for transformation and 
regeneration of soybean (Hinchee et al., 1988; McCabe et al., 1988). This 
development encouraged us to explore the utility of a maize transposable 
element for gene tagging in soybean. 
Herein, we report the use of GUS as a reporter gene to detect excision 
of the Ac elements in situ in transgenic soybean tissues. We demonstrate 
that the Ac element transposes in transgenic soybean calli and in various 
tissues of regenerated plants. 
MATERIALS AND METHODS 
Construction of Aarobacterium Ti binary olasmids 
In the p-vv allele of maize, Ac is flanked by PstI and Nçol endonuclease 
cleavage sites (Chen et al., 1987). These sites were converted to BglII 
sites by insertion of a Bglll linker. Thus, cleavage with Bglll yields a 
5.1-kb fragment that contained the Ac element plus about 500 bp of the p-vv 
locus. The BalII fragment was inserted in both orientations into the Bamill 
site of the GUS untranslated leader region in the binary vector pBI121 
(Clontech) to produce plasmids pZAcl and pZAclR. The binary vector pZA3 
(similar to pBI121) was derived from pGA482 (An, 1986) by replacing the 
Hindlll-EcoRI GUS gene fragment of pBI221 (Clontech) with the Hindlll-EcoRI 
fragment of pGA482. The Ds element, which contains a 3903-bp internal 
deletion of the Ac element, was inserted into the X^I site of the GUS 
untranslated leader region in plasmid pZA3 to generate the Ds-containing 
plasmid pZASO. 
The plasmids were conjugated into Aarobacterium tumefaciens A281 
containing a super virulent plasmid pTiBo542 (An, 1985), as described by 
Hosters et al. (1978). 
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Preparation of A% tumefaciens for inoculation 
A. tumefaciens A281, containing binary vector pZA3, pBI121, pZAcl, 
pZAclR or pZA50 was grown in liquid HGL medium (An, 1987), containing 25 
pg/ml kanamycin and 200 jtm acetosyringone (Aldrich Chemical Co.) overnight. 
The bacterium was spun down and the pellet was used for inoculation of 
soybean cotyledon expiants. 
Aqrobacterium-mediated transformation of soybean cotvledon explants 
Cotyledon expiants of soybean cv. 'Peking' were prepared, and each was 
transformed with an ^  tumefaciens strain containing either vector pZA3, 
pZA50, pZAcl or pZAclR using a modified version of the method of Hinchee et 
al. (1988). Soybean seeds of cv. 'Peking' were aseptically germinated for 
5 days on 0.8% Phytagar (Gibco Laboratories, Grand Island, N. Y.). After 
germination, cotyledons were removed, and air-dried for 30 minutes under 
sterile condition. Inoculation was done by wounding at the proximal end of 
the meristematic region with a scalpel that had been previously immersed in 
concentrated A. tumefaciens. Inoculated cotyledons were cultured adaxial 
side down on BgBA medium (Bg salts, vitamins, 3% sucrose, 1.15 #g/ml 5-
benzylaminopurine) at 28 °C in dark for 48 hr, then cultured at 25 °C under 
a photoperiod of 16:8 (cool white fluorescent light at 40 ^ En s'^) for 
another 24 hr. On the fourth day, the transformed cotyledon expiants were 
transferred to fresh B^BA medium containing 500 #g/ml carbenicillin and 
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100-200 /tg/ml cefotaxime with 250 pg/m1 kanamycin. After 3-4 weeks, the 
shoots produced from cotyledon expiants were excised and transferred to BgO 
medium (Bg salts, vitamins and 3% sucrose) containing the same antibiotics 
as above. The shoots were subcultured every 4 weeks onto fresh BgO medium. 
Elongating shoots were cultured on 0.5 X BgO medium containing 
carbenicillin and cefotaxime. Putative transgenic plantlets with healthy 
roots were planted in a sterile jar containing a 1:1 mixture of vermiculite 
and topsoil. 
6US assay 
B-glucuronidase (GUS) enzyme activity in sterile cotyledon-produced 
calli and regenerated plants of different ages was detected histochemically 
using 5-bromo-4-chloro-3-indolyl B-D-glucuronic acid (X-gluc) in unfixed 
free-hand sections by the procedure of Jefferson (1987). After overnight 
reaction, the sections were soaked in 70% ethanol, and the blue sectors 
were scored. 
Southern hybridization analysis 
Genomic DNA was prepared from calli maintained on BgBA medium containing 
250 *g/ml kanamycin (Dellaporta et al., 1983). Five to seven micrograms of 
genomic DNA were digested to completion with EcoRI-Pstl. fractionated in 1% 
agarose, transferred onto Magnagraph nylon membranes (Micron Separations 
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Inc., Westboro, MA), and hybridized with.the BgllI-fragment containing the ^ , 
Ac DNA (probe 1) or the Sstl-Xbal fragment which contained the GUS DNA 
(probe 2). DNA was labelled 'with by using a random primer labelling 
kit and ^^P-dCTP (New England Nuclear, Boston, HA), as specified by the 
supplier (Boehringer-Mannheim, Indianapolis, IN). 
RESULTS AND DISCUSSION 
After Aqrobacterium-mediated infection of cotyledons with the virulent 
strain A281, up to 94% formed callus tissue. Shoot primordia were observed 
in the infected region of 8% of the cotyledons within 2-3 weeks after 
transformation (Fig. lA). A total of 14 putative kanamycin-resistant 
shoots were generated from the shoot primordia and subsequently transferred 
to the rooting medium. The six surviving plantlets (1 with pZASO, 2 with 
pZAcl and 3 with pZAclR) with good root systems were transplanted into 
soil. 
From these data it can be concluded that transformed calli appeared at a 
relatively high frequency, whereas subsequent regeneration occurred at a 
much lower frequency. A possible explanation for this observation is that 
the T-DNA of the virulent plasmid {pTiBo542 in strain A281) simultaneously 
integrated into transformed cells and interfered with recovery of 
transgenic plants. However, this seems unlikely because integration of 
both T-DNAs has been shown to occur at a low frequency, while independent 
transformation events occur at a high frequency (An et al., 1985). 
Independent transformants, produced with the T-DNA of binary vectors, 
contain the kanamycin resistance marker (NPT II) and could be easily 
selected under high concentrations of kanamycin. In addition, we found the 
A^ tumefaciens infection area of cotyledon expiants is important for the 
transformation-regeneration efficiency. Infection at distal sites of the 
cotyledon gave primarily root induction while infection at proximal sites 
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gave primarily callus tissue formation. Thus, the area responding to shoot 
primordia is limited. Finally preexisting shoots have a negative effect on 
the regeneration of the transformed cells into transgenic plant because of 
their dominant growth. Thus, we eliminated the existing shoot before 
inoculation. 
To determine if transformation-regeneration efficiency could be improved 
we tested Agrobacterium EHAlOl which carries a disarmed helper plasmid 
derived from pTiBo542 (Hood et al., 1986). However, neither plasmid 
pBI121, pGA482, or their relatives could be transferred into EHAlOl because 
of the lack of a selective marker. Thus, we constructed a set of new 
plasmids. An ampicillin resistance gene from a M13 based plasmid, pTZlSR 
(Mead et al., 1986), was inserted into the EcoRI site at the left T-DNA 
border region of the binary vectors pBI121 and pZA3 to generate pBI121a and 
pZA3a. These plasmids gave successful selection under 100 mg/1 
carbenicillin (unpublished data). We are presently using these plasmids 
for transformation of soybean cv. 'Peking*. 
Constitutive 6US gene expression was observed in calli containing "pZAS 
when the CaMV 35S promoter was not disrupted by a transposable element 
(Fig. ID). Transformants with the Ds-containing plasmid pZA50 gave no GUS 
activity, indicating that the Ds element had inactivated GUS gene 
expression (Fig. IC). Transformed tissue containing pZAcl or pZAclR gave 
variably sized and shaped blue sectors when stained histochemically. 
Figure 1. Soybean regeneration and detection of sectors of cells 
expressing the 6US gene in transgenic soybean callus or plant 
tissues 
(A) shoot primordia formed in Aorobacteriurn infected area, (B) 
soybean plantlet transformed with pZAclR, (C, D and E) callus 
transformed with pZA50 (C) pZA3 (D), and pZAcl (E) after 
treatment with X-gluc. (F and G) roots or leaf from the same 
transformant (B) after treatment with X-gluc. A, C, D and E 
magnified 6x; F magnified 12x; G magnified 4x. 
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Stained tissue included callus (Fig. IE), root (Fig. IF), leaf (Fig. IG) 
and stem (data not shown). These data are consistent with experiments in 
tobacco (data not shown), and suggest that the Ac element in soybean tissue 
and plants excised from the untranslated leader region of the GUS gene to 
restore activity. 
Additional evidence that the Ac element transposed in soybean tissue was 
obtained by analyzing DNA from transformed soybean tissues. Figure 2A 
schematically shows the fragments expected after excision of the Ac element 
from pZAcl (or pZAclR when the Ac element is in the opposite orientation; 
not shown). Representative Southern analyses (Figs. 2B and C) show an 
EcoRI-PstI restriction digest of DNA isolated from pZAcl transformants, and 
a pZAclR transformant. This gel was sequentially probed with Ac (probe 1) 
or GUS (probe 2). In Fig. 2B, 4.4 kb and 3.7 kb (lanes 2 and 3) or 5.1 kb 
and 3.1 kb (lane 4) correspond to the untransposed Ac elements. Novel high 
molecular weight fragments are homologous to the Ac probe (lanes 2, 3 and 
4), but not to the GUS probe, indicating that transposition of the Ac 
element has occurred in the soybean transformants tested. In addition, two 
of three soybean transformants exhibit a 3.5-kb donor fragment homologous 
to probe 2, but not to probe 1, which is indicative of Ac excision (Fig. 
2C, lanes 2 and 4). Two weak high molecular weight fragments (9.1 kb and 
7.3 kb in Fig. 2C, lane 3) and two smaller fragments (3.3 kb in lane 3, and 
3.1 kb in lanes 2 and 3) detected with probe 2 were not anticipated for an 
empty donor site, and may represent rearrangement of the T-DNA during 
Figure 2. Southern analysis of EcoRI-PstI-digested genomic DNA isolated 
from transgenic soybean tissues 
(A) partial structure of pZAcl (upper) and its excision product 
(lower). The plasmid pZAcl contains the 4.6-kb Ac element with 
500-bp of flanking sequences (solid boxes), the NPT II, and the 
GUS gene. The solid boxes represent the 500-bp D-VV sequence 
flanking the Ac element, which is left behind after excision. 
The Ac probe (1) and GUS probe (2) are indicated by thick dashed 
lines. The expected restriction fragments are shown above the 
figure as thick lines. LB represents the left border of the T-
DNA. P35S represents the CaMV 35S promoter. B and C show 
representative hybridization results of digested genomic DNA 
from the transgenic soybean tissues. Lane 1 contains plasmid 
DNA of pZAcl and the DNA from untransformed soybean ('Peking') 
leaf tissue. Lanes 2, 3 and 4 contain DNA from calli 
transformed with pZAcl (lanes 2 and 3) pZAclR (lane 4). The 
DNAs were cut with EcoRI and PstI and separated by 
electrophoresis in agarose. The same blot was successively 
hybridized to probe 1 (B) and probe 2 (C). The bands 
hybridizing only to probe 1, but not to probe 2, are indicated 
by solid circles. The bands expected for the excision products 
are indicated by empty circles. The size, in kilobase pairs, is 
given for the restriction fragments. E, EcoRI; P, PstI; S, 
SstI: X, Xbal. (The intensity difference in lanes is due to 
autoradiograph exposure time differences). 
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integration. Similar observations have been documented in tobacco 
(Finnegan et al., 1989). 
Transformation and histochemical analysis of the transgenic soybean 
calli or plants (based on the GUS gene expression) is summarized in Table 
1. One hundred percent of assayed calli containing pZA3 showed GUS 
activity, whereas about 45% of calli transformed with the Ac-containing 
plasmid showed GUS activity. This finding suggests a 45% excision 
frequency for the Ac element in soybean tissue. Similar excision 
frequencies were observed in tobacco (Baker et al., 1987), Arabidopsis and 
carrot (Van Sluys et al., 1987). In contrast, only 1 plant containing 
plasmid pZAcl, and 2 plants containing pZAclR showed GUS activity. GUS-
negative plants could be due to false positive selection, or inactivation 
of ^  elements. On the other hand, we did not recover any transgenic 
plants with the positive control plasmid pZA3, but this is likely due to 
the small sample size (Table 1). 
We have presented histochemical and molecular evidence that Ac elements 
have transposed in soybean tissue, although nc fertile Ac-containing 
transgenic plant are available at present. This is the first demonstration 
(in situ) that phenotypic variegation, based on GUS gene expression, is due 
to the excision of the Ac element in soybean tissue. Such a system could 
be useful in developing transposon tagging techniques. 
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Table 1. GUS expression in transgenic soybean calli and plants* 
Plasmid SCot" #Calli #plants® #GUS 
Callus^ pZA3 25 13 13 
pZA50 50 13 0 
pZAcl 100 12 7 
pZAclR 100 12 3 
PI ant® pZA3 . 0 0 
pZA50 1(2) 0. 
pZAcl 2(3) 1^ 
pZAclR 3(9) 2 
°Calli and plants listed come from the same experiment, but are 
independent events. 
''Number of cotyledons infected. 
®Plant(s) with healthy root system. Total regenerated shoots are shown 
in parentheses. 
Represents pooled data from calli assayed at different times after . 
transformation. 
®Plants regenerated from infected cotyledons. 
Plant(s) with GUS blue sectors. 
56 
ACKNOWLEDGEMENTS 
This work was supported by a grant from the Iowa Soybean Promotion 
Board. The Ac (p-vv) containing clone was kindly provided by Dr. S. 
Briggs. 
57 
REFERENCES 
An, G. 1985. High efficiency transformation of cultured tobacco cells. 
Plant Physiol. 79:568-570. 
An, G. 1986. Development of plant promoter expression vectors and their 
use for analysis of differential activity of nopaline synthase promoter 
in transformed tobacco cells. Plant Physiol. 81:86-91. 
An, G. 1987. Binary Ti vectors for plant transformation and promoter 
analysis. Methods in Enzymology 153:292-305. 
An, G., B. D. Watson, S. Stachel, M. P. Gordon, and E. W. Nester. 1985. 
New cloning vehicles for transformation of higher plants. EMBO J. 
4:277-284. 
Baker, B., J. Schell, H, Loerz, and N. Fedoroff. 1986. Transposition of 
the maize controlling element "Activator" in tobacco. Proc. Natl. Acad. 
Sci. USA 83:4844-4848. 
Baker, B., G. Coupland, N. Fedoroff, P. Starlinger, and J. Schell. 1987. 
Phenotypic assay for excision of the maize controlling element Ac in 
tobacco. EMBO J. 6:1547-1554. 
Chen, J., I. M. Greenblatt, and S. L. Dellaporta. 1987. Transposition of 
Ac from the £ locus of maize into unreplicated chromosomal sites. 
Genetics 117:109-116. 
Cone, K. C., F. A. Burr, and B. Burr. 1986. Molecular analysis of the 
maize anthocyanin regulatory locus Ç1. Proc. Natl. Acad, Sci. USA 
83:9631-9635. 
Dellaporta, S. L., J. Wood, and J. B. Hicks. 1983. A plant DMA 
minipreparation: Version II. Plant Mol. Biol. Rep. 1:19-21. 
Fedoroff, N., D. Furtek, and 0. Nelson. 1984. Cloning of the Bronze locus 
in maize by a simple and generalizable procedure using the transposable 
controlling element Ac. Proc. Natl. Acad. Sci. USA 81:3825-3829. 
Finnegan, J., B. Taylor, S. Craig, and E. Dennis. 1989. Transposable 
Elements can be used to study cell lineages in transgenic plants. Plant 
cell 1:757-764. 
Groose, R. W., H. D. Weigelt, and R. G. Palmer. 1988. Somatic analysis of 
an unstable mutation for anthocyanin pigmentation in soybean. J. Hered. 
79:263-267. 
Hake, S., E. Vollbrecht, and M. Freeling. 1989. Cloning knotted, the 
58 
dominant morphological mutant in maize using Ds2 as a transposon tag. 
EMBO J. 8:15-22. 
Hinchee, M. A. W., D. V. Connor-Ward, C. A. Newell, R. E. McDonnell, S. J. 
Sato, C. S. Gasser, D. A. Fischhoff, D. B. Re, R. T. Fraley, and R. B. 
Horsch. 1988. Production of transgenic soybean plants using 
Aqrobacterium-mediated DNA transfer. Bio/Technology 6:915-922. 
Hood, E. E., G. L. Helmer, R. T. Fraley, and M.-D. Chilton. 1986. The 
hypervirulence of Aqrobacterium tumefaciens A281 is encoded in a region 
of pTiBo542 outside of T-DNA. J. Bacteriol. 168:1291-1301. 
Hosters, M., D. de Waele, A. Depicker, E. Messens, M. Ven Montagu, and J. 
Schell. 1978. Transfection and transformation of A. tumefaciens. Mol. 
Gen. Genet. 163:181-187. 
Jefferson, R. A. 1987. Assaying chimeric genes in plants: the GUS gene 
fusion system. Plant Mol. Biol. Rep. 5:387-405. 
Knapp, S., G. Soupland, H. Uhrig, P. Starlinger, and F. Salamini. 1988. 
Transposition of the maize transposable element Ac in Solanum tuberosum. 
Mol. Gen. Genet. 213:285-290. 
Masson, P., and N. V. Fedoroff. 1989. Mobility of the maize suporessor-
mutator element in transgenic tobacco cells. Proc. Natl. Acad. Sci. USA 
86:2219-2223. 
McCabe, D. E., W. F. Swain, B. J. Martinell, and P. Christou. 1988. Stable 
transformation of soybean (Glycine Max) by particle acceleration. 
Bio/Technology 6:923-926. 
Mead, D. A., E. Szczesna-Skorupa, and B. Kemper. 1986. Single-stranded 
DNA 'blue' T7 promoter plasmids: a versatile tandem promoter system for 
cloning and protein engineering. Protein Eng. 1:67-74. 
O'Reilly, C., N.S. Shepherd, A. Pereira, Zs. Schwarz-Sommer, I. Bertram, 
O.S. Robertson, P.A. Peterson, and H. Saedler. 1985. Molecular cloning 
of the al locus of Zea mays using the transposable elements En and Mul. 
EMBO J. 4:877-882. 
Pereira, A., Z. Schwarz-Sommer, A. Gierl, I. Bertram, P. A. Peterson, and 
H. Saedler. 1985. Genetic and molecular analysis of the Enhancer (En) 
transposable element system of Zeg mays. EMBO J, 4:17-23. 
Rhodes, P. R. and L. 0. Vodkin. 1985. Highly structured sequence homology 
between an insertion element and the gene in which it resides. Proc. 
Natl. Acad. Sci. USA 82:493-497. 
Schmidt, R. J., F. A. Burr, and B. Burr. 1987. Transposon tagging and 
59 
molecular analysis of the maize regulatory locus opaoue-Z. Science 
238:960-963., 
Van Sluys, M. A., J. Tempe, and N. Fedoroff. 1987. Studies on the 
introduction and mobility of the maize Activator element in Arabidoosis 
thaiiana and Daucus carota. EMBO J. 6:3881-3889. 
Vodkin, L. 0., P. R. Rhodes, and R. B. Goldberg. 1983. A cA lectin gene 
insertion has a structural feature of a transposable element. Cell 
34:1023-1031. 
Yoder, J., J. Palys, K. Alpert, and M. Lassner. 1988. Ac transposition in 
transgenic tomato plants. Mol. Gen. Genet. 213:291-296. 
60 
SECTION III 
FUNCTIONAL ANALYSIS OF TERMINAL 
SEQUENCES OF THE MAIZE CONTROLLING 
ELEMENT (AC) BY INTERNAL REPLACEMENT 
AND DELETION MUTAGENESIS 
61 
FUNCTIONAL ANALYSIS OF TERMINAL 
SEQUENCES OF THE MAIZE CONTROLLING 
ELEMENT (AC) BY INTERNAL REPLACEMENT 
AND DELETION MUTAGENESIS 
James H. Zhou®'®, Alan Myers'' and Alan G. Atherly® 
^Department of Genetics, ''Department of Biochemistry, Iowa State 
University, Ames, lA 50011, USA 
^Present address: Department of Biology, Yale University, PO Box 6666, New 
Haven, CT 06511, USA 
Journal paper No. J-13146 of the Iowa Agriculture and Home Economics 
Experiment Station, Ames, Project No. 2622. 
62 
ABSTRACT 
The ends of maize Activator (Ac) element were found to be associated 
with procaryotic promoter activity when they were fused to the promoter-
less gene encoding chloramphenicol acetyl transferase (CAT) in coli. 
Both 5' and 3' ends are orientation-dependent in their promoter activity. 
In addition, four direct subterminal repeats (TTATACACA, overlapped with 
the promoter-like repeats) at the 3' end of the ^  element were found to be 
homologous to the consensus sequence for DnaA-protein binding. The 
fragment containing 460-bp of the 3' terminus accommodates DNA autonomous 
replication (ARS) function when introduced into yeast cells. To determine 
if these sequences are necessary for transposition, a set of defective Ac 
elements was constructed by internal replacement and internal deletions. 
Evidence is presented that a minimal-subterminal sequence of 93 bp at the 
3' end, plus a short internal sequence between bp 3559 and 3630, are 
required for transposition, suggesting two domains involved in 
transposition: the first corresponds to the transposase-binding sites; and 
the second possibly corresponds to other cellular protein binding sites. 
The deletion of the distal putative ARS domain on the 3' end gave an 
approximate three-fold decrease in transposition frequency, and the 
deletion of both the proximal and distal ARS domains gave no transposition, 
suggesting that the putative ARS domains may be required for high 
efficiency of the transposition. Furthermore, deletions of the DnaA-
protein binding domains in the 3' end gave a read-through phenotype. It is 
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speculated from these data that the functional sequences observed within 
the terminal sequences of the Ac element (promoters; dnaA binding 
sequences; terminators; and ARS sequences), which have evolved from three 
very divergent organisms (£. coli. yeast, and plants), play analogous 
functions in each of these organisms. Also, promoter activity found at 
both ends of the element may correlate with transposition, and that dnaA 
protein binding sites, as well as ARS domains may correlate with regulation 
of transposition frequency. 
Key words; Transposition, ARS, Promoter, DnaA sites, Termination, 
Nicotiana 
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INTRODUCTION 
Transposable elements were first discovered in maize (McClintock, 1948), 
but they have been found in representatives of virtually all organisms 
since the molecular isolation of transposons from coli (Jordan et al., 
1968; Shapiro, 1969). It has become apparent that transposable elements 
are natural components of most genomes. Transposable elements have been 
studied extensively in maize (for recent reviews, Coring and Starlinger, 
1986; Fedoroff, 1989; Gierl et al., 1989), and a number of models for 
transposition have been proposed (Saedler and Nevers, 1985; Coen et al., 
1986; Sundaresa and Freeling, 1987; Robbins et al., 1989). Similar to 
other transposons, plant transposable elements consist of a region encoding 
the transposase and attached to it are sequences that serve as substrates 
for transposition. These substrate-sequences usually consist of terminal 
inverted repeat sequences (TIRs) and subterminal regions. Interaction of 
the transposase and possibly other cellular factors with the substrate 
sites is believed to accomplish excision and reinsertion of an element. 
The regulation and mechanism of transposition, however, remains unclear. 
Ac element has been introduced, via Aorobacterium-mediated 
transformation, into a number of unrelated species and is mobile (Baker et 
al., 1986; Van Sluys et al., 1987; Knapp et al., 1988; Yoder et al., 1988; 
Zhou and Atherly, 1990). The ability to introduce Ac into other species 
gives opportunities for studying of the element by reverse genetics, and 
for application of transposon-gene-tagging in plants. 
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A phenotypic assay for detection of Ac excision from the untranslated 
leader of neomycin phosphotranferase gene (NPT II) has been used to 
characterize sequences within the element necessary for transposition. 
Deletion of the sequence between 44 and 181 bp from the element's 5' end 
results in a failure of the element to transpose in tobacco cells although 
an Ac element was present in trans (Coupland et al., 1988). Using a 
similar strategy, a sensitive, visible phenotypic assay has been developed 
to detect excision of Sem elements (Masson and Fedoroff, 1989), and Ac 
elements (Zhou and Atherly, 1990) in transgenic plants. We have used this 
phenotypic assay to study the artificially defective Ac element (d-Ac) by 
internal replacement and deletion mutagenesis. 
We report here that the ends of the Ac element, cloned from the o-vv 
allele of maize (Chen et al., 1987), have strong polar effects when they 
are fused with the LacZ' gene and can turn on expression of a promoter-less 
gene encoding chloramphenicol acetytransferase (CAT) in "in-to-out" 
orientation in E_L coli. and that the 3' terminal sequences of the Ac 
element contain functional autonomous replication sequence (ARS) when 
introduced into yeast cells. In addition, subterminal repeats of the 3' 
end of Ac, within the promoter-like repeat region, was found to be 
homologous to the DNA sequences for dnaA protein binding (TTATACACA as dnaA 
box) and these sequences overlap the sequences important for termination of 
Ac transcription in transgenic tobacco cells. Finally, we present evidence 
that promoter function observed in coli and ARS function observed in 
yeast, are physically linked with the cis-function of the defective ^  
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elements (d-Aç) required for transposition in transgenic tobacco cells, 
these findings may help us understand the participation of the other 
cellular factors in transposition, as well as the mechanism of 
transposition. 
MATERIALS AND METHODS 
Bacteria, and promoter-testing olasmids 
The Ac element was cloned from the o-vv allele (Chen et al., 1987) and 
is present on an 7.8-kb Bglll fragment (Fig. lA). This fragment was 
present in a Blue-Scribe (Trade Mark, United States Biochemical 
Corporation) M13 base vector, pSBlOB (Fig. lA). pTZlSR is a single 
stranded DNA 'blue' T7 promoter cloning vector (Mead et al., 1986) 
purchased from United States Biochemical Corporation. pKK232-8, a plasmid 
for the selection and analysis of prokaryotic promoters, was purchased from 
Pharmacia Company and originally described by Brosius and Lupsky (1987). 
All plasmids in this work were maintained in L. coli strain DH5* which was 
purchased from Bethesda Research Laboratories, Bethesda, MD. 
We inserted an approximately 1-kb Xhol fragment containing the 3' end of 
the Ac element into vector pTZ18R at a Sail site within the multiple 
cloning sequence between the T7 promoter and the alpha-complementation 
fragment of the 8-galactosidase gene (LacZ') in two different orientations, 
giving rise to pZA20R and pZA20L. Similarly, the approximately 850-bp 
BamHI fragment containing 178-bp of the 5' end of Ac element was inserted 
into pTZ18R BamHI site in two orientations, giving rise to pZA30R and 
pZA30L (Figure IB). 
The approximately 500 bp HincII/Hindlll fragment of pZA20R, containing 
the 3' end of Ac, and the 850 bp Smal/ HindiII fragment of pZA30L, 
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containing the 5' end of the M element, were each inserted into pKK232-8 
(at the Smal and HindiII sites, respectively) giving rise to pZAlOO and 
pZAlOl, respectively. An approximately 650 bp deletion was made in pZAlOl 
(between the Sghl site and Xbal site) to delete a portion of the flanking 
P-vv sequence from the 5' Ac end. This gave rise to pZA102 (Fig. IC). 
Expression of the CAT gene was determined by growing the recombinant 
colonies on LB plates containing 30 mg\L chloramphenicol. 
Yeast strain, transformation, and ARS test 
The yeast strain cu303 (ura3', lec2', troll'. hisS". ade") was used as a 
recipient strain for yeast transformation. Plasmid pUC18-ura3 contains a 
ura3 gene inserted in the HindiII site of pUC18. Ura3 was used for 
selection of transformants growing in the absence of uracil. We inserted a 
EcoRI/Sphl fragment that contains a 460-bp 3' end of Ac into the EcoRI/SphI 
site of pUC18-ura3. generating pZA400 (Fig. 4). YEP352 and pBB-6 (Brewer 
and Fangman, 1988) are yeast vectors, containing 2 /tm plasmid ARS and ARS-1 
sequences, respectively, for positive control of plasmid replication. Both 
contained the ura3 gene and pUC18 sequence. All plasmids were transferred 
into ou303 cells using Glusalase spheroplasting, as initially described by 
Beggs (1978). The transformed cells were cultured or subcultured in the 
media lacking uracil. 
Test of plasmid stability was carried out as described by Cashmore et 
al. (1988). The proportion of plasmid-containing cells in a liquid culture 
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was determined by initially plating onto nonselective media and then 
replica-plating onto selective media to score the colonies prototrophic for 
the marker on the plasmid. 
Plasmids were recovered from yeast for transformation of Escherichia 
coli strain DH5a (Hoffman and Winston, 1987), and verified by restriction 
mapping. 
Artificially defective Ac element, and Ti binary vectors 
From the Ac clone (Fig. lA), a 5.1-kb Pstl/Ncol fragment was isolated, 
and the cleavage sites were converted into Bglll sites by BallI linkers. 
Thus, the Bqlll fragment contains Ac and about 600 bp flanking sequences of 
the D-vv allele. This fragment was inserted in both orientations into the 
BamHI site between a cauliflower mosaic virus 35S promoter and a bacterial 
hygromycin B phosphotransferase gene (hgh; Gritz and Davies, 1983) in a 
plasmid derived from pCaMVNEO (Fromm et al., 1986) to generate pZAc2 and 
pZAc2R. Plasmid pAc::hyg or pZAc20R was constructed by inserting the 
BgllI-linearized plasmid pZAc2 or pZAc2R into a Bglll site of a modified 
pGA482 (An, 1986; the NPTII gene was inactivated by a frame-shift mutation: 
cleavage-filling at the BamHI site), or non-modified pGA482 in the multiple 
cloning linker (Fig. 6A). 
The artificially defective Ac element was constructed by replacing a 
M13-based plasmid pTZ18R (Mead et al., 1986) with BamHI-XhoI internal 
fragment of Ac. This replacement was accomplished by subcloning both a 
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BamHI fragment containing 5'-end and an Xhol fragment containing the 3'-end 
of the Ac element of o-vv. respectively, into plasmid pTZlSR. The P-vv 
sequences flanking the Ac element were subsequently reduced into 200 bp and 
20 bp on the 5' and 3' sides of the element, respectively. The resulting 
plasmid was called d-Ac (Fig. 6B). 
The deletions at the 3' end of M within d-^ were constructed by first 
cleaving a unique site (bp 479) with Hindi within the 3' end of Ac (Fig. 
6B). After cleavage the plasmid DNA was digested with Exonuclease III, 
filled in with the Klenow fragment of DNA polymerase.I, ligated and 
transferred into E. coli. using the Erase-a-Base system under the condition 
specified by the enzyme supplier (Promega). Each plasmid DNA present in 
the resulting colonies was screened for smaller fragment in size. The end 
points of the deletion present in one of the resulting plasmids were 
determined by DNA sequencing. Each of the Xbal-linearized deletion mutants 
was inserted into the X^I site of the plasmid pZA3 (Zhou and Atherly, 
1990) to produce binary plasmid pZASO through pZA60 (Fig. 6B). 
The Ti binary plasmids constructed were transferred into A. tumefaciens 
strains A281 containing a second plasmid pTiBo542 (An, 1985). Each binary 
plasmid was recovered from transformed A281, and transferred back into 
Escherichia coli strain DH5@ (Bethesda Research Laboratories), and the 
structure of each was verified by restriction mapping analysis. 
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Hybridization probes 
Two DNA fragments were used to probe promoter-testing plasmid DNA as 
shown in Figure lA. Two DNA fragments were used to probe genomic DNA from 
transformed tobacco cells as shown in Figure 6B. These were the Xhol 
fragment comprising the 1-kb 3'terminal sequence of Ac element, and a 2-kb 
Xbal/SstI fragment of the GUS coding sequence, excised from the plasmid 
pBI221 (Clontech). 
Tobacco transformation 
Tobacco suspension cells (NT-1) were transformed with plasmids carrying 
the NPT-II gene, selecting on solid Murashige and Skoog (MS, GIBCO 
Laboratories) medium containing kanamycin at 200 /«g/ml as described by An 
(1985), or co-transformed (or sequentially transformed) with two 
Aqrobacterium strains, each carrying one of plasmids containing either NPT 
II or hfih, then selecting on the medium containing kanamycin at 200 pg/ml 
and hygromycin at 25 pg/ml. 
GUS assay 
For histochemical assay, transformed cells grown on a piece of Whatman 
filter paper, were treated with 5-bromo-4-chloro-3-indolyl 6-D-glucuronic 
acid (X-gluc; Research Organics Inc.) overnight, at 37 °C (Jefferson, 1987; 
72 
Jefferson et al., 1987), then treated with 70% alcohol for hours, and the 
blue sectors or cells were scored, in some cases, under the microscope. 
Nondestructive fluorescence assay was carried out as initially described 
by Gould and Smith (1989). Each transformed callus was transferred into 
each well of a medium-containing tissue culture clusters (48 wells). After 
two to five days, 15 nl of 20 mM 4-methyl umbelliferyl glucuronide (MUG, 
Research Organics Inc.) solution was added into the spent media in each 
well of the clusters after transfer of the tissues. Reaction was carried 
out overnight at 37 °C, and stopped by adding 15 M1 0.3 M Na^COg solution, 
allowed to stand for 20-30 minutes, and then fluorescence was scored under 
a hand-held UV mineral light with a wave length of 365 nm. 
DNA techniques 
Genomic DNA was prepared from tobacco transformants as described by 
Dellaporta et al. (1983) and digested under conditions specified by the 
enzyme suppliers (Boehringer-Mannheim, Bethesda Research Laboratories, New 
England Biolabs) by using 5 units of enzyme/pg of plant DNA. The complete 
DNA digests (5-7 *g/lane) were fractionated on 1% agarose gels, transferred 
to MSI nylon membrane (Micron Separations Inc), and hybridized with Ac or 
GUS DNA labelled with by using a random primer labelling kit and ^^P-
dCTP, as specified by the supplier (Boehringer-Mannheim). 
DNA sequencing was performed by ISU Sequencing Center using the method 
of Sanger et al. (1977). Gel electrophoresis, preparation of plasmid DNA 
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in small or large amounts, transformation, Southern hybridization etc. were 
performed as described by Maniatis et al. (1982). 
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RESULTS 
Expression of LacZ* and CAT genes are dependent upon the orientation of the 
inserted Ac ends 
To analyze the terminal sequences, restriction fragments containing the 
ends of the Ac element from an Ac-carrvina-D-vv clone pSBlOB (Fig. lA), 
were inserted in both orientation into the multiple cloning sites of a M13 
base plasmid (pTZlSR) to generate pZA20R, pZA20L, pZA30R, or pZASOL, 
respectively (Fig. IB). The recombinant DNAs were transferred into E. Coli 
strain DH5a. The blue colonies were scored for detection of the lacZ' gene 
expression. The lacZ' activity was observed in one orientation ("in-to-
out"; pZA20R and pZA30L), but not in the other orientation (pZA20L and 
pZASOR), suggesting that the terminal sequences of the Ac element have 
polar effects on expression of lacZ' gene which is analogous to that of 
procaryotic transposons (for a review, see Kleckner, 1981). 
To determine whether or not the terminal sequences of Ac element exert 
promoter activity, we constructed pZAlOO, pZAlOl and pZA102 (Fig. IC), 
which have the CAT gene fused with either 3' or 5' end of the Ac. The 
fused CAT gene is expressed in all of these constructions when present in 
L. coli cells. These recombinant colonies were recovered on agar media 
containing chloramphenicol at a concentration of 30 mg/1. The negative 
control (pKK232-8 in E^ coli DH5) was not recovered, even at 10 mg/1 
chloramphenicol. These experiments indicate that the ends of Ac element 
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have strong orientation-dependent procaryotic promoter activities (see 
Figs. IB and C), which is analogous to some procaryotic transposons 
(Kleckner, 1981). To confirm the constructs of pZAlOO, pZAlOl and pZA102, 
a Southern blot analysis was performed, and the data are shown in Figure 2. 
At least four putative procaryotic promoter consensus sequences (Lewin, 
1987) appear in a 480-bp sequence within the 3'end (Fig. 3A), and one in 
the 5'end of the Ac element, both within the "extended inverted repeat" 
region and close to the 11 bp inverted repeat (IRs) (the 5' sequence is not 
shown). We do not know which putative promoter sequence in the 3' end 
turns on the CAT gene activity. However, since the putative promoter 
sequence in the 5' end is close to the perfect inverted repeat sequence 
(IR), we can reasonably speculate that the putative promoter sequence in 3' 
end closest to the IR may turn on the CAT gene activity in pZAlOO. 
Sequence similarities between the 31 terminal sequences of Ac and OriC 
A remarkable feature of the nucleotide sequence of the 3' end of the Ac 
element is the abundance of TTATACACA sequences (four within a 250 bp 
stretch as a domain. Fig. 3A). This feature is reminiscent of the oriC 
region in which four consensus TTAT[C\A]CA[C\A]A sequences are present 
within a 245 bp sequence and constitute the minimal origin of replication 
(Hirota et al., 1981). These four inverted consensus repeats have been 
found to be DnaA-protein binding sites (Fuller et al., 1984). The DnaA-
protein is essential for bacterial DNA replication (Tomizawa and Selzer, 
Figure 1. Plasmid construction 
A). The Aç fragment of p-vv present in pSBlOS. The position of 
Aç is shown as the vertical-hatched bar (also in B and C.). The 
solid triangles indicate the direction of the inverted repeat 
sequences (IR) of ^  (also in B and C). The thin horizontal 
line extending from the Aç borders represents D-VV flanking 
sequences (also in B and C). The solid bars above the Aç 
element are the sequences used as the probes of Aç termini in 
Figure 2. B). Schematic representation of pZA20R, pZA20L, 
pZA30L and pZA30R plasmids for detection of polar effects (on 
lacZ' gene expression) within the ends of the Bo. element. C). 
Schematic representation of pZAlOO, pZAlOl and pZA102 plasmids 
for detection of the promoter activity within the ends of Aç 
element. Restriction endonuclease abbreviations: Nc, Nçol; Xh, 
Xhol; He, Hindi; Hd, Hindlll; Bm, BamHI; Sa, S^I; Sp, Sohl; 
Xb, Xbal; Ec, EcoRI. 
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Figure 2. Southern blot analysis of DNA inserted into plasmids pZAlOO, 
pZAlOl and pZA102 
A). DNA digests by EcoRI (1) and HindiII (2) were fractionated 
on agarose gel and stained with ethidium bromide, and; B). 
hybridization to the ^ ^P-labelled probes (see Fig. lA) of Ac 
termini. The sizes (kb) of the marker fragments are included in 
lane 0. 
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1979; Fuller et al., 1981; Fuller and Kornberg, 1983). Experiments with 
the 3' end of ^  as an origin of replication, (Xhol fragment of pSBlOB 
linked to a Kanamycin resistance gene, Fig. lA) demonstrated that it was 
unable to function as an origin of replication when present in E.coli DH5 
(data not shown). This could be due to several reasons: orientation of 
the binding sequences (direct repeats in Ac end and inverted repeats in 
oriC). the match with the DnaA-protein complex (#2 is matched, but the 
remainder are not perfectly matched with the consensus sequence in oriC. 
Fig. 3B), lack of enough GATC methylation sites, or lack of " 13 mer" 
sequences, which are necessary for oriC function (Bramhill and Kornberg, 
1988). 
The 31 end of Ac possesses functional ARS domains when introduced into 
Saccharomvces cerevisiae 
Examination of the sequence of the 480-bp 3' terminal sequences of the 
Ac element revealed the presence of two 11-mers consisting of the consensus 
sequence of the yeast ARS sequence (Palzkill and Newlon, 1988; Figure 3A). 
To analyze the function of the putative ARS sequences, the 460 bp fragment 
containing 3' terminal sequences of Ac was placed in a pUC18 base vector 
lacking a yeast origin of replication (pUC-ura^) creating pZA400 (Fig. 4). 
This vector possessed a ura^ gene for selection and was transformed into 
ura^'veast strain, selecting for growth in the absence of uracil. Controls 
included a similar vectors with an ARS and one lacking ARS sequences. 
Figure 3. Presentation of important sequences at 3' end of Ac element 
A). The sequence of 500 bp 3' end of Ac is presented. The 
numbers correspond to the position on the Ac sequence; the 3' 
correlates to the 3' of the 3.5-kb transcript of Ac. The 
putative -10 and -35 consensus sequences are in bold. The 
putative ORFa binding sites are shown in the upper and lower 
arrows respectively. The ARS sequences are in bold-underline. 
The lower-case sequences are homologous to DnaA-protein binding 
sites. 
1-50 
51-100 
101-150 
151-200 
201-250 
251-300 
301-350 
351-400 
401-450 
451-500 
TAGGGATGAA AACGGTCGT AACGGTCGGC TAAAATACCTC TACCGTTTTC 
ATCCCTACTT TTGCCAGCA TTGCCAGCCG ATTTTATGGAG ATGpCAAAAG 
ATTTTCATAT TTAACTTGCG GGACGGAAAC GAAAACGGGA TATACCGGTA 
TAAAAGTATA AATTGAACGC CCTGCCTTTG CTTTTGCCCT ATATGGCGAT 
ACGAAAACGA ACGGGATAAA TACGGTAATC GAAAACCGAT ACGATCCGGT 
TGCTTTTGCT TGCCCTATTT ATGCCATTAG CTTTTGGCTA TGCTAGGCCA 
CGGGTTAAAG TCGAAATCGG ACGGGAACCG GTATTTTTGT TCGGTAAAAT 
GCCCAATTTC AGCTTTAGCC TGCCCTTGCC CATAAAAACA AGCCATTTTA 
CACACATGAA Aacatatatt CAAAACTTAA AAACAAATAT AAAAAATTGT 
GTGTGTACTT Ttgtatataa GTTTTGAATT TTTGTTTATA TTTTTTAACA 
AAACACAAGT CTTAATTAAA CATAGATAAA ATCCATATAA ATCTGGAGCa 
TTTGTGTTCA GAATTAATTT GTATCTATTT TAGGTATATT TAGACCTCCt 
cacatagttT AATGTAGCAC ATAAGTGATA AGTCTTGGGC TCTTGGCTAA 
gtgtatcaaA TTACATCGTG TATTCACTAT TCAGAACCCG AGAACCGATT 
CATAAGAAGC CATATAAGTC TACTAGCACA CATGACACAA TATAAAGTTT 
GTATTCTTCG GTATATTCAG ATGATCGTGT GTACTGTGTT ATATTTCAAA 
AAAacacata ttCATAATCA CTTGCTCACA TCTGGATCAC TTAGCATGCA 
TTTtgtgtat aaGTATTAGT GAACGAGTGT AGACCTAGTG AATCGTACGT 
taaactatta CAACCAAGGC TCATCTGTCA ACAAACATAA GACACATTGG 
atttgataat GTTGGTTCCG AGTAGACAGT TGTTTGT&TT CTGTGTAACC 
Figure 3. (continued) B). Comparison of subterminal repeats at the 3' end 
of Ac and at Sgm with known and proposed DnaA protein binding 
sites. The sequences are listed 5' to 3' from left to right, in 
the consensus sequence, small letters indicate bases at 
positions occupied only by one of two possible bases; capital 
letters indicate predominant bases at positions occupied by 
three of four possible bases. 
®Hirota et al., 1981; 'duller et al., 1984; ®Masson et al., 
1987; ''Fuller et al., 1984; ®Hansen et al., 1982. 
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Sequences in known binding sites; 
oriC 1# TTATCCACA 
2# TTATACACA 
3# TTATCCAAA 
4# TTATCCACA 
IRi-Tn5bd 
Consensus* 
Homologous sequences: 
1# 
2# 
3# 
4# 
SEm" 
dam promotor regiond^ 
dnaA promoter region 
TTATACACA 
TTAT[c/a]CA[c/a]A 
TTATCAAAT 
TTATACACA 
TTGATACACA 
TTATATACAA 
TTCTCACAG 
TTCTCCACAG 
TTATCCACA^ 
TTCTCACAG® 
85 
Transformants possessing pZA400 grew to form colonies (Fig. 5), and 
segregated out when placed in media lacking uracil (Table 1). In addition, 
the autonomously replicating plasmids were recovered from the yeast 
transformants and were used to transform back into E. coli. Fifteen 
ampicillin resitant transformants isolated were examined, and all shown to 
be identical to pZA400 (data not shown). These data show that the 3' 
terminal sequences of Ac element possesses a functional ARS domain when 
introduced into yeast cells. 
A strategy for analyzing terminal sequences of the Ac element In transgenic 
tobacco cells 
To analyze the function of the terminal sequences of the Ac element, a 
large internal sequence (bp 181-3559) of the Ac element was replaced by an 
entire M13 base plasmid (pTZ18R). This generated an artificially defective 
Ac element (d-Ac; Fig 6B), from which a set of subterminal deletion mutants 
were generated using an Erase-a-base system starting from the unique Hindi 
site (see Materials and Methods). These mutant Ac-elements were placed 
into the untranslated leader region of the GUS gene between the CaMV 35 S 
promoter and the coding sequence in pZA3 (Zhou and Atherly, 1990) to 
generate a set of binary plasmids (pZA50 through pZA60; Fig. 6B). These 
resulting binary plasmids were introduced, alone or together, with an Ac-
carrying plasmid (pAc::hyg, Fig. 6A), into tobacco cells via T-DNA mediated 
transformation. 
Figure 4. Structure of ARS test plasmid of pZA400 
E, EçoRI; H, HindIII; Sp, Sfihl; X, Xbal. 
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polylinker 
ura3 PZA400 
pue 18 
Figure 5. The growth of yeast transformants on selective media in the 
absence of uracil; photographed after 2 days 
pUC-ura3: pUC18+ura3; YEP352: pUC18+ura3+2#ARS; pBB-6: 
pUC18+ura3+ARSl; pZA400: pUC18+ura3+Ac 3'end. 
YEP352 
\ pUC-ura3 
I pBB-6 
pZA400 
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Table 1. Segregation of plasmids containing 3' end of Ac in yeast 
transformants 
Stability® 
% Dlasmid-Containinq cells 
Plasmid Strain Nonselective Selective 
media media 
pBB-6 (ARSl) «U303 81 (2.6) 96 (3.4) 
pZA400 (3'Ac) au303 63 (4.5) 92 (4.3) 
^Cultures were grown to exponential phase in media selective for the 
presence of plasmids, and the percentage of plasmid-containing cells was 
determined by replica-plating. Selective cultures were used to inoculate 
nonselective cultures which were maintained in exponential phase for 18 
hrs, and percentage of plasmid-containing cells in these cultures were then 
determined. Five individual transformants of each type were tested several 
times. The values shown are the mean of these experiments; standard errors 
are shown in brackets. 
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We have used histochemical or,a nondestructive fluorescence assay to 
visually determine the phenotype of the transformants. As shown in Figure 
7, expression of the 6US gene caused by excision of the element gives a 
sectoring phenotype, while read-through of the element by the CaMV 35S 
promoter gives a diffuse phenotype. Using this strategy, GUS activity was 
measured in stable transformants with each of deletion mutants. The 
results are summarized in Tables 2 and 3. 
The internal sequence (bo 181-4083) of the Ac element js not necessary for 
transposition jf an Ac element is present in trans 
Transformants with pZA50 (containing a d-Ac::GUS; Fig. 6B) or with both 
pZA50 and pAc;;hyg (Fig. 6A) were assayed for GUS gene expression and the 
phenotypes are shown in Figure 7A. No detectable GUS activity was observed 
in transformants with pZA50 (left), while blue sectors were observed in co-
transformants with both pZA50 and pAc::hyg (right). About one third of the 
calli, CO-transformed with both pZA50 and pAc::hyg, gave GUS gene 
expression (Figs. 7B and C; Table 2), which is nearly identical to the 
transformants with an Ac::GUS-containing plasmid (pZAcl, Zhou and Atherly, 
1990). These data suggest that the defective Ac maintains nearly full 
function for transposition if the Ac product is present in trans. We 
conclude that the internal sequence of the Ac element is not necessary for 
transposition. 
Figure 6. Schematic structure and important restriction sites of binary 
plasmid containing Ac , or artificially defective Ac element 
A). An Ac::hyg-containing plasmid (pAc::hyg); B). A set of d-Ac-
containing plasmid (pZABO through pZASO). LB, left border; RB, 
right border of T-DNA; PT, putative procaryotic promoter domain 
overlapped with the putative transposase binding domain; ARS, 
autonomously replicating sequence domain; DnaA, dnaA protein 
binding domain; I, internal sequence found important for 
transposition. B, BamHI; Bg, Bglll; E, EcoRI; H, Hindlll; He, 
Hindi; P, PstI; S, Sail; X, Xhol. 
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Figure 7. Histochemlcal assay of GUS gene expression in callus transformed 
with Ac::GUS or d-Ac::GUS-containing plasmids, showing excision 
or read-through of the element 
A). A callus sequentially transformed with pZA50 and pAc::hyg, 
showing excision of the element within a single cell 10 days 
after the second transformation with pAc::hyg. B). A 4-weeks 
old GUS-positive callus transformed with both pZA50 and 
pAc::hyg. C). Calli transformed with pZA50 (left), and 
transformed with pZA50-pAc::hyg (right), showing a sectoring 
phenotype dependent on the presence of ^  (pAc::hyg). D). Calli 
transformed with pZA52 (left), and transformed with pAc::hyg 
(right), showing a read-through phenotype. 

Figure 7. (continued). E) and F). Fluorescence assay for detection of 
excision events (E) in transgenic tobacco calli with pZA54 (R) 
(upper: co-transformants with pAc::hyg, and lower:single 
transformants); and detection of read-through events (F) in 
transformants with pZA60 (R) (upper: co-transformants with 
pAc::hyg, and lower: single transformants), showing a read-
through phenotype dependent on the presence of Ac. All assays 
were under sterile condition. The bar represents 4-
methylumbelliferone (MU) fluorescence standards which are in 
0.2M Na^COg. 
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Table 2. Comparison of GUS activity in tobacco transformants with Ac::GUS-
containing plasmids, and with a d-Ac-containing plasmid 
PI asmid Base Tvoe of transformation 
sequences Sinale Co-with Sequential 
replaced DAC::hva with DAc::hva 
in Ac 
Freouencv of excision® 
pZAcl 0 141/332" ND= ND 
pZAclR 0 101/403 ND ND 
pZA50 181-4084^ 0/123 59/193 35/120 
pAc: :hyg 0 0/144 ND ND 
® Sum of three independent transformation experiments. 
Calculated as sum of calli showing GUS-positive sectors divided by 
total, observed 4-5 weeks after transformation. 
® Not determined. 
Calculated from the 5' end of Ac. 
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Table 3. Expression of GUS gene and excision efficiency of d-Aç elements 
in presence or absence of Ac element in tobacco cells* 
Plasmid^ Bases deleted Phenoty of Excision 
from 3' GUS gene efficiency 
terminus" expression of transposition" 
d-Ac d-Ac+Ac d-Ac d-Ac+Ac 
pZASO 3559-4083(480)^ _ + (see Table2) 
pZA51 4024-4143(420) ** ** ND= ND 
pZA52 3842-4267(296) ** ** ND ND 
pZA52(R)h - + 0 30.8 
pZA53 3883-4349(214) **. ** ND ND 
pZA54 3771-4313(250) ** ** ND ND 
pZA54(R) - + 0 13.7 
pZA55 3841-4371(192) ** ** ND ND 
pZA56 3740-4375(188) ** ** ND ND 
pZA56(R) - + 0 12.5 
pZA59 3559-4446(117) ** ** ND ND 
pZA59(R) ** ** 0 0 
pZA58 3630-4470(93) ND ND ND ND 
pZA58(R) ** ** 0 11.5 
pZA60 3644-4546(17) ND ND ND ND 
pZA60 - ** 0 0 
®Three experiments are summarized. 
Each deletion mutant was used as a binary plasmid alone, or with an Ac-
containing plasmid (pAc::hyg), as described in Table 2. 
"Calculated from the 5' ened of Ac. 
''Expression of the GUS gene was classified as blue sectors (+), read-
through phenotype (**), and no detectable expression (-), as described in 
Figure 7. 
"Excision efficiency gives a mean percentage of GUS-positive-sector-
containing calli in a total of more than 144 stable transformants from 
three independent transformation experiments. 
^Remaining base pairs at 3' proximal terminal sequences of 
the d-Ac element after deletion. 
After co-cultivation, the cells transformed with d-Ac- containing 
plasmid alone were selected under 200 mg/1 kanamycin, and transformants 
with both d-Ac-containing plasmid and Ac-containing plasmid (pAc::hyg) were 
selected under 200 mg/1 kanamycin and 25 mg/1 hygromycin. 
®ND= not determined. 
''R = reverse orientation with respect to the GUS gene. 
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A minimal 3*-terminal sequences of M bEu. plus a short internal sequence 
between bp 3630 and 3559 was required for transposition of the artificially 
defective ^  elements 
Deletions of d-^ elements from bp 3559 to bp 4375 (pZA51 though pZA56, 
Fig. SB) do not abolish the capability of d-Ac for transposition if an Ac 
element is present in trans. But, there is a gradual decrease in 
transposition efficiency (Fig. 7E; Table 3) with increasing degrees of 
deletion. The co-transformants with pZA56, which contains 188-bp 
subterminal sequence, gave about 12% transposition, while the co-
transformants with pZA59 gave zero transposition. This suggests that more 
than 117-bp, less than 188-bp subterminal sequence at the 3'end of Ac 
element is required for minimal transposition. However, the co-
transformants with pZA58, which contains less than 117-bp subterminal 
sequence of 3' end, and a 71-bp internal sequence between bp 3630 and 3559, 
gave about 11 % transposition. This observation suggests that the internal 
sequence from bp 3559 to 3630 is able to substitute for the subterminal 
sequence necessary for transposition. In pZA60, the deletion remains 17-bp 
terminal sequence and an 85-bp internal sequence. The co-transformants 
with pZA60 gave no transpositon, but a read-through phenotype (Fig. 7F). 
These data suggest that two different domains may be involved in a minimal 
sequence necessary for transposition. Further confirmation of 
transposition of each deletion mutant was given by Southern blot analysis. 
A representative Southern blot from the cells transformed with pZA54, and 
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co-transformed with both pZA54 and pAc::hyg is presented in Figure 8. The 
genomic DNA was digested with EcoRI and Pstl. and hybridized to a DNA 
fragment of GUS coding sequence (probe 1, Fig. 6B), or an Xhol fragment 
containing the 3' end of Ac (probe 2, Fig. 6B). A 2.7-kb fragment 
homologous to probe A (lane lA), or a 1.2-kb band homologous to probe B 
(lane IB) is seen in the transformant with pZA54 alone, indicating the 
presence of an untransposed d-Ac element. A 3.2-kb fragment homologous to 
probe A, but not to probe B (lanes 3) indicates an empty donor site, 
suggesting the d-Ac element excised from the transforming T-DNA sequence in 
this co-transformant (with both pZA54 and pAc::hyg). This empty donor site 
is very weak, corresponding to a low efficiency of transposition. The 
unexpected fragment of about 2.5-kb (lane 3A), or about 1-kb (lane 3B), 
does not correspond to empty donor site, or transforming T-DNA, 
respectively. Two high molecular weight bands in lane IB also do not 
correspond to the transforming T-DNA. These unexpected bands may be due to 
DNA rearrangement. DNA rearrangement in T-DNA-mediated transformation is 
not uncommon (Pereira and Saedler, 1989; Finnegan et al., 1989). 
On the other hand, a number of bands homologous to Ac probe (lanes 2 and 
3) may correspond to transposed Ac element, originally from the 
transforming T-DNA of pAc::hyg. 
Figure 8. Representative Southern blot analysis for excision event in 
transgenic tobacco cells 
The genomic DNA was digested with EcoRI-Pstl. transferred onto a 
nylon membrane, and hybridized to the 32P labelled GUS coding 
sequence (A), and the 3' end of the Ac element (B). Lanes 1: 
single transformant with pZA54(R); lanes 2-3: co-transformants 
with both pZA54(R) and pAc::hyg. Size in kilobase pairs is 
given for restriction fragments. 
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DISCUSSION 
Deletions of the DnaA-orotein binding sequences in the 3' end gave a read-
through Dhenotvpe when jn the same orientation with respect to the GUS gene 
No GUS activity was detected in the transformants with pZA50 (Fig. 7A; 
Table 2), which contains the 480-bp 3' terminal sequences of the ^  element 
in the same orientation with respect to the GUS gene. The transformed 
cells with pZA52, (which contains 296-bp terminal sequences of the È£. 
element), however, showed a read-through phenotype (Fig. 70). This 
suggests that the OriC-like domain (bp 4083-4267) may function for 
termination of transcription within the element, and hence may play a role 
in regulation of transposition. This observation is analogous to that of 
procaryotes, in which the DnaA-protein binding sites function as a 
terminator of transcription when present in one strand of the DMA double 
helix (see a review, Georgopoulos, 1989). The deletions between bp 4083 
and 4546 did not affect the termination function when the defective ^  
elements were inserted .in reverse orientation (see Table 3). Surprisingly, 
deletion of a short sequence (3630-3644, pZA58) gave a read-through 
phenotype when in the reverse orientation. The transformants with pZA60(R) 
(which has the sequence of bp 3630-3644), however, did not give GUS gene 
expression, suggesting a transcriptional terminator on one strand of the 
DNA double helix. Unexpectedly, co-transformants with pZA60 (R) and 
pAc::hyg showed a read-through phenotype (Fig. 7F). Our interpretation of 
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these observations is that the interaction of the Ac product with the ends 
of the element possibly relaxes the DNA double helix, which in turn permits 
the CaMV 35S promoter read through of the element when in reverse 
orientation (Carty and Menzel, 1989). 
The deletion of the distal putative ARS domain on the 3' end gave an 
approximate three-fold decrease in transposition frequency, and deletion of 
both the proximal and distal ARS domains gave no transposition 
The co-transformants with pZA52 gave about 30% transposition efficiency, 
while the co-transformants with pZA56, where the sequence of the distal 
putative ARS sequence was deleted, gave about 12% transposition efficiency 
(Table 3). This suggests that this putative ARS domain may be required for 
high efficiency of the transposition. We have presented evidence that 
sequences from bp 4375 to bp 4563 are minimally required for the element to 
transpose. Within this sequence is located the proximal ARS sequence 
(4500-4563), hence deletion of proximal ARS domain (pZA60) gave no 
transposition. ARS sequences are necessary for DNA replication in yeast by 
forming a region where the DNA replication commences (Chan and Tye, 1980; 
Celniker et al., 1984; Kearsey, 1984; Brewer and Fangman, 1987; Huberman et 
al., 1987). Previous genetics studies have shown that Ac excision events 
are usually coupled with replication of the element (Greenblatt and Brink, 
1962; Greenblatt, 1984). These studies indirectly supports our hypothesis 
of an origin of replication within the 3' end of the Ac element. Dsl 
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element contains little ^ -homologous sequences, but high A-T rich content 
(Sutton et al., 1984). More than four ARS-like sequences present in Dsl 
element (sequence not shown). This may open a window for understanding how 
an Ac element can promote a hardly related Dsl element to transpose. 
DNA sequences recovered from a variety of higher eucaryotic species have 
been shown to act as ARSs in yeast (Montiel et al., 1984; Stinchcomb et 
al., 1980; Andre et al., 1983; Mills et al., 1986; Uchimiya et al., 1983), 
and from the T-DNA region of the octopine type Ti piasmids.(Suzuki and 
lino, 1989) although their function as replication origins in the genomes 
from which they were isolated has not been substantiated. In addition, 
most of these sequences have not been localized within their native 
genomes. Consequently, understanding of potentially important 
characteristics of ARS sequences has been limited. 
Putative orocarvotic promoter -35 sequences (TTTGCCA/TGGCAA) show 
homologous to the inverted sequence (AAACGG/CCGTTT) of putative transposase 
binding 
There are two putative procaryotic promoter sequences (Fig. 3A) located 
within the minimal sequence for transposition, interestingly, there is 
also a coincidence that the -35 sequences of the putative promoters show 
homology to the putative transposase binding sites reported by Kunze and 
Starlinger (1989). However, it is not known if the DNA binding site of the 
transposase actually shares similarity with that of bacteria transcription 
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component (s). But, the sigma factor of RNA polymerase that recognizes 
procaryotic promoters has homology to single stranded DNA binding protein 
(SSB) in eucaryotes (Helman and Chamberlin, 1988). Thus there is a 
possibility that the transposase may functionally be related to SSB 
protein. 
Does transposition of ^  require cellular components other than the 
element-encoded product ? 
Protein-binding experiments have shown that the major ORFa protein-
binding sites are deleated by a 40-bp sequence inside the 3' terminus of 
the Ac element (Kunze and Starlinger, 1989). We have found that deletions 
that remove the major ORFa protein-binding sites give transposition-
defective elements (for example, pZA60). Deletions that retain the 
protein-binding sites give transposition-positive elements (for example, 
pZA56). These findings suggest that there is an interaction of ORFa 
protein with the subterminal sequence for transposition to occur in vivo 
and are consistent with the findings of Kunze and Starlinger (1989). But, 
surprisingly, we found a deletion from bp 4375-4446 (pZA59) that was also 
transposition-negative and this sequence does not contain the putative 
transposase-binding motif AAACGG. This is consistent with the observation 
of an internal deletion at the 5' end at positions 44 and 92, which was 
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also transposition-negative (Coupland et al., 1988). However, the d-Ac 
erivative pZA58, which retains the major ORFa protein binding-sites (bp 
4470-4563) and the internal 71 bp sequence between bp 3559-3630, was 
transposition-positive. The internal 71 bp sequence is different from the 
transposase-binding motif, and lies at the end of ORFl (Muller et al, 
1984). Thus, we estimate that the minimal sequence required for 
transposition involves two domains. The first, a proximal subterminal 
sequence corresponding to the transposase-binding sites and, the second 
(distal subterminal sequence) corresponding to a binding site for some 
cellular component(s). This internal 71 bp sequence (defined between 
positions 3559 and 3630) seemingly serves as a second protein-binding 
domain required for transposition. Unknown protein-binding components may 
be involved in transcription or replication, since both the internal domain 
and the subterminal domain lie in a position immediately after the end of 
the transcript. 
We have analyzed the function of the 3' terminal sequences of the Ac 
element using a vary sensitive phenotypic detection system in tobacco. Our 
observations imply that the Ac family of transposable elements and 
procaryotic elements share some similar "DNA signals" that may play a role 
in regulation of transposition. Our data also suggest that the interaction 
of the termini with Ac transposase is necessary, but insufficient for 
efficient transposition. Other cellular components may participate in the 
transposition reaction, possibly by regulating transposition. In this 
respect, participation of cellular factors in the transposition process has 
109 
been observed (Craigie et al., 1985; Phadnis and Berg, 1987; Waiter and 
Grindley, 1988; Rio and Rubin, 1988). For example, the sequence TTATACACA 
was found in TRL-Tn5, and dnaA mutations affect the transposition 
efficiency of Tn5 (Yin and Reznikoff, 1987) suggesting a role of the DnaA-
protein in transpostion. In addition, fortuitous promoter activity in the 
ends of TnlO was found to be involved in regulation of transposition of 
TnlO (Davis et al., 1985). The coincidence of transposition function with 
fortuitous promoter, dnaA protein-binding sites, and ARS activity may help 
in the study of the participation of cellular factors in transposition "and 
regulation of the transposition. 
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SUMMARY AND DISCUSSION 
For many years study of maize Activator element (Ac) has been limited in 
its native host, which usually contains high copy number of endogenous 
elements. Thus, it is very difficult to trace the behavior of each 
particular element against the background of genetic stock using 
conventional genetics method. Only in recent years have plant engineers 
begun to transform Ac element into distantly related plant species, and 
observe directly its behavior in a new organism. This approach provides an 
opportunity for studying the elements and their movement by in vitro 
modifications, also extends the utility of the elements for isolating 
unknown genes, as well as for studying cell lineages to other species. 
The research presented in this dissertation has done much to further our 
knowledge, and extend the utility of the Ac element. In first section of 
this research entitled analysis of cell lineages in transgenic tobacco 
seedlings using maize Activator (Ac) element, it is demonstrated that 
excision of an Ac element within transgenic tobacco cells can be 
sensitively detected using an Ac::GUS fusion system, and that ^  excision 
events can be used to study cell lineages in transgenic tobacco seedlings. 
The Ac::6US system described is sufficiently sensitive that excision of 
Ac within a single cell can be easily detected, and it have been shown that 
an individual sector is derived, very likely from a single event in which 
excision of Ac has restored the GUS gene expression in the seedlings 
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containing the Ac element. Among the progeny of transformed plants, 
somatic excision events occur randomly, and can be utilized for the study 
of cell lineages. In addition, the histochemical assay described here has 
no limit to tissue type, while the SPT assay described by Jones et al. 
(1989) is limited to plastid-producing tissues. Thus, this GUS::Ac fusion 
system can be used to trace different cell lineages at any developmental 
stage. In addition, this GUS::Ac fusion can be used to study basic 
problems of transposition, such as the effect of copy number on timing of 
transposition in transgenic plants, as well as the effects of in vitro • 
modification of the M element (see Section III). 
Southern analyses were presented to show that restoration of the GUS 
gene activity in the Ac-containing plants is due to excision of the Ac 
element from the original insertion site of the transforming T-DNA. In 
addition, the presence of the new Ac location was found and indicates 
transposition and reinsertion of the M elements in the progenies. Self-
progeny of transformants were tested by segregation. The pool of genetic, 
enzymatic, and molecular data provides evidence of transposition in the 
transformants. 
This Ac::GUS system was transformed into soybean, to question whether Ac 
element is capable of transposition in soybean genomes. Both histochemical 
and molecular evidence that Ac elements have transposed in soybean tissue 
were presented in Section II (Zhou and Atherly, 1990). In addition, 
excision frequency for the Ac element in soybean tissue was found to be 
about 45%. Similar excision frequencies were observed in tobacco (Baker et 
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al., 1987), Arabidopsis and carrot (Van Sluys et al., 1987). The 
development of a transformation and a transposon mutagenesis system in 
soybean will aid in the introduction of new economic trait, or isolation of 
unknown genes. However, the transformation efficiency was low, and the 
technique of transformation needs to be improved in the near future. 
The final section in this dissertation demonstrates a functional 
analysis of terminal sequences of the Ac element by in vitro mutagenesis. 
First, three interesting findings were reported: i) procaryotic promoter 
activity associated with both 5' and 3' ends of Ac element when they were 
fused to the promoter-less gene encoding chloramphenicol acetyl transferase 
(CAT) in E. coli.; ii) four direct subterminal repeats. (TTATACACA, 
overlapped with the promoter-like repeats) at the 3* end of Ac element 
homologous to the consensus sequence for bacterial DnaA-protein binding; 
iii) the 3' end of the Ac element accommodating DNA autonomous replication 
(ARS) function when introduced into yeast cells. Then, the subterminal 
sequences necessary for transposition were analyzed using a set of 
artificially defective Ac elements. Evidence is presented that a minimal 
sequence of 93 bp, plus a short internal sequence between bp 3559 and 3630, 
at 3' end of the element are required for transposition. This finding 
furthers the knowledge of transposition that transposase is only protein 
necessary involved. Some cellular proteins may participate in 
transposition process, or in regulation of transposition efficiency. The 
deletion of the distal putative ARS domain on the 3' end gave an 
approximate three-fold decrease in transposition frequency, suggesting that 
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the putative ARS domains may be required for high efficiency of the 
transposition. Furthermore, deletions of the DnaA-protein binding domains 
in the 3' end gave a read-through phenotype, suggesting that these domains 
function as terminator for transcription. It is evidenced that the 
functional sequences observed within the terminal sequences of the Ac 
element (promoters; dnaA binding sequences; terminators; and ARS sequences) 
play analogous functions in three very divergent organisms (E. coli. yeast, 
and plant). Also, promoter activity found at both ends of the element may 
correlate with transposition, and that dnaA protein binding sites, as well 
as ARS domains may correlate with regulation of transposition frequency. 
The observations described here suggest that the Ac family of 
transposable elements and procaryotic elements share some similar "DNA 
signals" that may play a role in regulation of transposition. These 
studies also suggest that the interaction of the termini with Ac 
transposase is necessary, but insufficient for efficient transposition. 
Other cellular components may participate in the transposition reaction, 
possibly by regulating transposition. In this respect, participation of 
cellular factors in the transposition process has been observed in other 
systems (Craigie et al., 1985; Phadnis and Berg, 1987; Waiter and Grindley, 
1988; Rio and Rubin, 1988). For example, the sequence TTATACACA was found 
in TRL-Tn5, and dnaA mutations affect the transposition efficiency of Tn5 
(Yin and Reznikoff, 1987) suggesting a role of the DnaA-protein in 
transposition. In addition, fortuitous promoter activity in the ends of 
TnlO was found to be involved in regulation of transposition of TnlO (Davis 
et al., 1985). It is unknown if the cellular components participated in 
transposition are conserved in all kinds of organisms. However, the 
coincidence of transposition function with, fortuitous promoter, dnaA 
protein-binding sites, and ARS activity may help in the study of the 
participation of cellular factors in transposition and regulation of the 
transposition. 
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APPENDIX I 
An Ac-containing transgenic tobacco plant with morphological 
alterations is-presented in Figure 1, and 2; one of the putative soybean 
plants transformed with pZAcl is presented in Figure 3. Recent data 
indicate that the altered phenotype is inheritable, and mutable, suggesting 
its association with Ac transposable element. However, more molecular data 
are needed for completion of this work. 
Figure 1. Morphological alterations associated with transposition of Ac 
element in transgenic tobacco plant (Acl-yl) transformed with 
pZAcl 
(A) wild-type apical portion with flowers. (B) altered apical 
portion with flowers and an X-gluc treated stigma. (C, D, E, F) 
leaves from the altered apical portion of the plant (Acl-yl): 
adjacent normal leaf #24 (C) and #26 (E), altered leaf #23 (D), 
and #27 (F). (G and H) after the normal leaf (E) and the 
altered leaf (F) were fixed, then treated with X-gluc 
respectively. # indicates the node number. 
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Fig. 3. 
Figure 2. Southern blot analysis of EcoRI/Pstl-digested genomic DMA 
isolated from the altered plant (Acl-yl) transformed with pZAcl 
(A) partial structure of pZAcl (Upper) as described in the 
legend to Figure 1 and its excision product (lower). The 
plasmid pZAcl, contains the 4.6-kb Ac element with 500-bp 
flanking sequence (solid boxes), the NPT II, and the GUS gene. 
The solid boxes present the 500 bp p-vv sequence flanking the Ac 
element, which is partly left behind in the excision product. 
The Ac probe (1) and GUS probe (2) are indicated by the thick 
dashed lines labeled with as described in Methods. The 
expected restriction fragments revealed are shown above as thick 
lines. LB presents the left border of the T-DNA. P 35S presents 
CaMV 35S promoter. (B and C) results of the blot hybridization 
analysis of the genomic DNA from the transgenic plant Acl-yl. 
Lane 1 contains plasmid DNA of pZAcl and the DNA from 
untransformed tobacco tissues. Lanes 2 and 3 contain DNA from 
the altered leaf #21 and the adjacent normal leaf #20, 
respectively. The DNAs were cut with EcoRI and PstI, and then 
separated by electrophoresis in agarose. The same blot was 
successively hybridized to probe 1 (B) and probe 2 (C). The 
band present in the altered leaf, but not in the normal leaves, 
is indicated by a solid circle (lane 2B) or a black square (lane 
2C). The bands hybridizing only to probe 1, but not to probe 2, 
are indicated by empty circles. The position for the expected 
empty donor fragments is indicated by an arrowhead. The size in 
kilobase pairs is given for the restriction fragments. E, 
EcoRI; P, PstI; S, SstI; X.Xbal. 
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Figure 3. A putative fertile, soybean plant transformed wi-h pZAcl 
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APPENDIX II 
Restriction map of the d-Ac plasmid, and the strategy used for 
construction of the binary plasmid (pZASO) containing a d-Ac element. 
Figure 1. Restriction map of the d-Ac element 
A, Aval; B, BamHI; E, EcoRI; H, Hindlll; He, Hindi; K, Kgnl; P, 
PstI; S, SstI; Sm, Smal; Sp, Sohl; X, Xbal. 
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Figure 2. Construction of pZA50 
showing the strategy used for binary plasmids containing d-Ac 
elements. B, BamHI; E, EcoRI; H, Hindlll; S, Sail; Sm, Smal; 
Sp, SphI; X, Xhol; Xb, Xbal. BL, BR: left, right border of T-
DNA, respectively. 
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